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I. Introduction and Acknowledgement 


Much is not known of the attachment and growth of chain corals. Inter- 
ested in this problem, the writer has previously shown the basal attachment 
of a Japanese form (Hamapa, 1956). European and Canadian materials are dealt 
with in this paper. Elongation of chains, their fusion, interstitial and peri- 
pheral increases, lateral budding, annual growth, and struggle for existence 
with other organisms are here elucidated. Wall structures of some chain corals, 
especially of their intercorallites, are also discussed. 

The writer wishes to express his thanks to Professor Teiichi Kosayasui of 
the University of Téky6 for his suggestion as well as guidance in the course 
of this work. Thanks are also due to Profs. S. Hanzawa and K. Asano of 
the Tohoku University at Sendai for permission to study the materials in their 
institute; to Dr. Edwards I. Lerru of the University of Manitoba for supply of 
the Canadian specimens; and to Mr. Urxr of this institute, and Mr. Kumacar of 
the institute at Sendai for photography. 


Il. Corallite Increase 


As discussed by Burner (1955), it is certain that there are at least two 
asexual methods for the Halysitidae to propagate. They are interstitial and 


* Read at the Annual Meeting of the Palaeontological Society of Japan, at Tédkyé, 
Dec. 7, 1958; received July 16, 1958, 
Lo 
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peripheral increases, and fission is unknown in the family. The two methods 
were fairly well illustrated by him. Here too, the writer intends to demonst- 
rate some examples of these methods mostly with the materials from Europe 
and Canada. Besides, lateral budding is exemplified. 


A. Peripheral Increase 


The principal method of corallum expansion for the halysitids is to issue 
a new corallite from a mother corallite tube, their walls being in contact with 
each other at one side. Such an offset begins with a lateral swell of the mother 
polyp which later grows up a new polyp. The new and old animals are, as 
noted by Bueuter (1955), connected at the junction through their growth. This 
is a distinction of the peripheral increase from the lateral budding. 

In 1871, Fiscuer-Benzon has already exemplified this type of increase with 
Halysites regularis from Kurland (Figs. 2, 3 on Taf. 2). The details were how- 
ever obscure. Buenter (1955) is the first to clarify the peripheral increase of 
corallites.- He illustrated the method with several excellent instances, such as 
Catenipora micropora and Halysites spp. (figs. 2,3, 5, on pl. 12). After the close 
investigation of growth lines on the surface of the corallite chain he diagram- 
matically showed several new corallite buddings from a mother corallite with 
supposed polyps (fig. 3, page 13). 


Figure 1. 


a: Longitudinal section drawn from Fig. 4, Plate XIII. 
b: A restoration of the chain on the basis of a. 
This section is a part of a corallum in Fig. 1 on Pl. XV. Gy, Do Caw aoe 


The present writer also found the like in various species of chain corals. 
An example is Catenipora rubra from Manitoba (Fig. 7, Pl. XII). In view of new 
offsets with their bases almost in the same level, this peripheral increase must 
have been completed in a short time if compared with the growth rate of the 
corallite tubes. Besides, their corallite bases somewhat convergent to a point 
of the first budding, clearly indicate the rapid expansion of the corallite chain. 
Halysites sp. in Buruier’s fig. 2, pl. 12, and H. catenularius in |b a AAS oa 
of this paper are similar examples, 
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Furthermore, Catenipora rubra (Fig. 7 on Pl. XII) affords an interesting fact 
that the peripheral increase took place just above the damaged corallite tubes. 
The first new corallite sprang out from the normal corallite next-to the broken 
one. Thus it is evident that the increase occurred to repair the mechanically 
destructed part of the corallum, instead of mere outgrowth of the colony. 

Another instance of the compensation of corallites by the peripheral in- 
crease is observable on a part of the corallum of Catenipora sp. (Yasr’s Haly- 
sites escharoides Fiscurr-Brnzon, 1915) in Fig. 4, Pl. XIII. This longitudinal thin 
section reveals three offsects (left) and a mother corallite tube with a calyx 
lip (right). It is an upper left part of a corallum (Fig. lon Pl. XV), and some 
9mm. just above the second offset of the lateral budding, figured in Text-fig. 
4, Namely, it is obvious that the corallite bases of the new chain are discon- 
tinuous to the lower corallites in the corallum. Text-fig. 1b is a restortion of 
this part of the peripheral increase based upon Text-fig. la which is drawn 
from the thin section in Fig. 4, Pl. XIII. 


Figure 3. Schedohalysites kitakamiensis 
showing six new chains with free ends. 
xea. 2. (After Sucryama, 1940, p. 1380, 
text-fig. 6a). 


Figure 2. Halysites labyrinthicus show- 
ing several new chains which are not yet 
fused each other. Note the new micro- 
corallites at the terminals of the chains. 
Xcd. 2:75 CPlate SalI PE isurenl) 


In transversal section periphearal increases reveal incomplete chains with 
free terminals on one side. Good examples of these features are Halysites 
labyrinthicus from Kozel, Bohemia in Fig. 1, Pl. XIII, or Text-fig. 2 and Schedohaly- 
sites kitakaminesis from Northeast Japan in Text-fig. 3. As many corallite chains 
with free-ends are seen in these figures, their lacunae must have been left open. 

Thus the peripheral increase is the most important method for the coral- 
lite chains of the halysitid corallum to elongate. Buruier was sceptic about 
the scarcity of such free-ending ranks of corallites in spite of great import- 
ance of this method. It is, however, probable that his observations were made 
mostly on the full grown coralla already completed their lacuna formation. 

As clearly shown in Fig. 1 on PI. XII] and Text-fig. 2 there is a few small 
corallite offsets at the terminals of new chains. It seems to the writer that 
these tiny corallites are not incipient macrocorallite tubes but newly formed 
microcorallites separated by an intercorallite wall from the preceding macro- 
corallite visceral chambers. It is correct to presume that in the peripheral 
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increase of the dimorphic Halysitinae and Schedohalysitinae a microcorallite 
tube springs out at first, shortly followed by a macrocorallite one. As Buruier 
supposed (1955, p. 14), it is unlikely that a macrocorallite was formed first and 
separated later by interstitial addition of a microcorallite tube. The presence 
of a microcorallite in the peripheral increase is explicitly shown by Fiscuer- 
Benzon in his Fig. 3, Taf. 2 on Halysites regularis. 


B. Interstitial Increase 


Interstitial increase is an insertion of a new corallite tube between two 
corallites. This method is also commonly met with in the halysitid corallum, 
and especially important for rapid expansion of the corallite chains as BurHLEeR 
(1955) discussed. 

A typical example is Catenipora rubra from Manitoba, Canada in Fig. 5 on 
Pl. XII. It has been already noted by Poéra in his Halysites catenularius (figs. 
13, 14 on pl. 69, 1902). Buruier’s Halysites labyrinthicus (fig. 5 on pl. 3) also 
shows two corallites of interstitial increase in a chain. 

The cross section of a corallite chain with an insertion of a new corallite 
tube reveals a small microcorallite-like visceral chamber between two normal 
corallite ones. This feature is well exemplified in Wiman’s Catenipora parallela* 
(igse4, 5\onepl.7Z,, LOCK). 

Erueripce (1904, pp. 18, 36) observed that microcorallites of Acanthohaly- 
sites gamboolicus** are well developed and often duplicated. This is probably 
a result of the interstitial increase as can be judged from the subpyriform to 
subhemispherical corallum shape of the species. 

Hrxv’s (1954) fractured branching and the writer’s (1956) virgation of coral- 
lites are nothing but rapid expansion of corallite chains mainly caused by this 
method of increase. The former is found on Schedohalysites yarrangobillyensis*** 
from New South Wales, Australia, and the latter on S. kitakamiensis from the 
Kuraoka district, Southwest Japan. 

Falsicatenipora shikokuensis from the Gotlandian rocks of Southwest Japan 
in the writer’s figures 5,6 both on plate 7 (1958) is alsoa remarkable example 
of the halysitid with rapid expansion of corallite chains by means of the 
interstitial increase. Thus the corallum is hemispherical or pyriform. 


C. Lateral Budding 


The term, lateral budding, here used is restricted to the springing up of 
a new corallite from an older corallite tube, the two being connected only at 
the base of the new one. 

This kind of corallite increase does not play an important role in the 
development of the halysitid corallum. Only an example known to the writer 
is the specimen of Catenipora sp., from Piersal, Russia, kept in the Geological 
and Paleontological Institute, Tohoku University (Fig. 5 on Pl. XIII). It reveals 


* Described as Halysites parallela. 
** Described as Halysites gamboolicus. His mesopore is microcorallite in this paper 
(See HamMaADA 1958, pp. 96, 97). 
*** Originally described as Halysites cf. lithostrotionoides ETHERIDGE by Hrrxy, 1954, 
fig. 6, pl. 4 (See Hamapa 1957b, p. 401). 
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two lateral offsets of corallites. 


The first budding occurred on the left side 


of the mother corallite calyx, and the second on the right side of the new coral- 
lite tube (left hand in Text-fig. 4). 


Figure 4. Catenipora sp. 
from Piersal, Russia. Two 
lateral buddings of the corall- 
ites at left and a new corallite 
spring in a parental corallite 
calyx at right. 

This is a part of a corallum 
illustrated in Fig. 1 on Plate 
XV. (See also Fig. 5, Pl. XIII 
and Fig. 3, Pl. XV). 


It is an interesting fact that a new coral- 
lite budding on the calyx of mother corallite 
(Fig. 30n Pl. XV) took place at the same level 
with the above mentioned first lateral budding 
on the neighbouring corallite tube as illust- 
rated in Text-fig. 4. This section is a lower 
left part of the specimen in Fig.1 on Pl. XV. 
This budding just upon the older corallite 
calyx might be called a kind of rejuvenation 
as Bueuter (1955) observed on Halysites infun- 
dibuliformis (pp. 15, 16). 

These temporal ceases of growth of the 
mother corallites should indicate an unfavoura- 
ble condition for a part of the halysitid corallum. 
It may not depend on climatic change because 
the other parts of the corallum continued their 
growth as seen in Fig. 1 on Pl. XV and Buen- 
Ler’S fig. 1 on pl. 2. Its cause may not also be 
mechanical destruction of the corallum because 
the calyces of the mother corallite tubes are 
fairly well preserved as seen in Text-fig. 4. 
The most probable case is a pathologic injury 
of a part of the corallum. 


Ill. Formation of Lacunae 


As-above mentioned, new corallite chains are made mainly by the peri- 


pheral, as well as interstitial increase. 
Then, the next problem is how to com- 
plete lacunae. Their production is 
here exemplified with some specimens. 

The fusion of a new corallite 
chain to an old one occurs at a place 
where two freshy part are met with. 
Subsequently the two corallites are 
united on a common wall. Thus, Fig. 
2 on Pl. XIII and Text-fig. 5a show an 
epithecal remain of the old corallite 
chain at the junction. When the fu- 
sion is more advanced, the two coral- 
lite tubes are connected with each 
other in the whole length, and the 
normal intercorollite wall is formed 
between them. The corallite at the 
junction is, however, not yet in abnor- 
mal form as illustrated in Text-fig. 5 
(see also Fig. 3, Pl. XIII). It may be 


b 


Figure 5. Cross sections showing the 
processes of corallite fusion of Catenipora 
escharoides. 

a: An incomplete fusion of a new chain 
to the older corallite wall. Note the older 
wall relict at the junction. : 

b: Deformation of corallite at the junc- 
tion. 

Arrow indicates the direction of exten- 
sion of new chains. Ca. 3.3. (see Figs. 
228, Pl) X11). 
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fairly well asserted that in the final stage of corallite fusion an adjustment 
takes place among the polyps around the junction. Thus the normal corallite 
shape is completed. 

As far as the writer is aware, a new chain appears always at the reent- 
rant place of the old corallite chain and never at the macrocorallite side. 

Thus, trigonal, pentagonal or any other abnormal corallite section at the 
place where two or more chains join, surely indicates a certain stage of the 
fusion of corallite chains. Otherwise it shows an interstitial increase of coral- 
lite at the junction of the chains. It is, however, obvious that the interstitial 
increase makes no Jarger corallite than the normal corallite in cross section. 

An excellent specimen showing the construction of lacunae and corallum 
expansion is Halysites catenularius from Dudley, England, which is kept in the 
Geological Institute, University of Tokyo. The corallum base of this halysitid 
was well exposed by careful taking off of marly matrix. In the basal view of a 
part of this specimen in Fig. 1 on Pl. XII, it is spectacular that many new chains 
are fused with the side of the old chains closing the lacunae. 

It is of prime importance that most of the new chains are aligned in higher 
levels than old ones. The numerals in Text-fig. 6B at the junctions of coral- 
lite chains afford these differences of the basal levels between the old and new 
chains. They obviously indicate the order of lacuna building. 

Thus one can easily find out the trend and succession of corallite architec- 
ture as illustrated in Text-fig. 6B by arrows. This orientation makes one to 
succeed in the search of the labyrinth of the initial corallite (I) in this haly- 
sitid corallum. It has a free end on one side and the two daughter corallites 
on the other. It is located on the lowest level of the corallum as diagram- 
matically shown in Text-fig. 6A, if the specimen is oriented so as to the coral- 
lite tubes and the upper surface of the corallum become vertical and horizontal 
respectively. The bases of the corallite tubes are gradually lifted as the chains 
grow laterally. 

Incidentally, the upper surface of this halysitid corallum is almost encrusted 
by Heliolites as illustrated in Text-fig. 6A, while the basal part of the Halysites 
corallum has previously been largely concealed by matrix. Therefore the label 
of this specimen was once read Heliolites interstinctus, Sp. No. Pa 194c (105). 

It is reasonable to consider that the one-sided expansion of this corallum 
suggests the direction of water current toward which the corallite chains grew. 

Two more interesting facts are found on this specimen. One is the pre- 
sence of a few root-like projections on the lower surface of the corallite chain 
(R in Text-fig. 6B). They are small tubercles about 0.5mm. or so both in 
length and diameter, and somewhat conical in shape. These projections pro- 
bably belong to a kind of anchoring organ because this halysitid corallum has 
grown up on the soft muddy floor instead of the solid one like rocks, shells, 
or stromatoporoid skeletons. 

The other is the deformation of old corallite chains at the junction of new 
ones (D in Text-fig. 6B). A part of the old chain, one or two corallite wide in 
general, is protruded laterally to some extent just in the direction of new 
chain extension as if it were pushed out by new coarllite chain. In these 
places any adjustment for junction above described has presumably taken 
place between the two corallite chains. 

Somewhat similar mode of the corallum expansion is also observable on 
the basal part of Burnier’s Catenipora micropora (fig. 5 on pl. 6, 1955). The 
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initial corallite is, however, not seen in that specimen. The rugose surface of 
the corallite base with tranversal fine striae in C. micropora is characteristic. 
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Figure 6. Corallum growth of Halysites catenularius (see Figs. 1, 2, Pl. XII). 

A: A lateral view of a part of the corallum showing gradual lifting 
of the level of the the corallite chain base. The halysitid corallum is en- 
crusted by Heliolites colony (H) with more or less irregular surface. 

B: A basal view of the corallum showing the order of extension of 
corallite chains (arrow). The corallum was originated from an initial 
corallite shown by I. One-sided corallum growth of this specimen probably 
indicates the direction of current water to which the corallum expanded 
towards. The points marked R are the place where root-like small projec- 
tions are recognizable. D indicates the older corallite chain deformed by 
the joining of the new chain. Numerals at every junction of corallite 
chain show the distance between the new and old corallite bases (in mm.). 
Framed part is pictured in Fig. 1 on Pl. XII. 


These striations are, however, inobservable on the present specimen .of Haly- 
sites catenularius, although fine growth lamellae are present on the epithecal 
surface of the corallite sides. 
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IV. Disolution of Lacunae 


It was surprising for the writer to see Sincrarr’s halysitoid corals with 
which disolution of lacunae was clarified (1955). His observations are based 
on serial polished cross sections with intervals of about 4mm. Materials are 
Manipora amicarum and Catenipora rubra both from the Upper Ordovician rocks 
in Manitoba, Canada. 

Manipora amicarum Sincvair is a Saffordophyllum-like coral of halysitoid 
habit with subquadrate corallites forming single or multiple ranks. The writer 
did not refer the genus to the Halysitidae (Hamapa, 1957b, c), because of ex- 
treme variability of its corallite shape whose axial diameter is often shorter 
than its cross diameter*, and because-of its abnormal fusion of some corallite 
tubes to form Favosites-like compact corallum in which a few corallites are 
sometimes surrounded entirely by other corallite tubes with close contact of 
their walls without lacunae**. 

Sincrair figured out the mode of disolution of lacunae in five serial cross 
sections of Manipora amicarum, and described that “as the coral grows, ranks 
break up, form new connections, and in general behave in such a manner as 
to suggest that writhing is the proper word to describe the behavior ” (figs. 
la-e, p. 101; p. 103). It is sure that the extraordinarily changeful lacunae, as 
well as its variable corallite shape, abnormal fusing of corallite tubes not 
seen in the true halysitid corals, obviously characterizes this genus. 

While, on the specimens of Catenipora rubra, a species of the true Haly- 
sitidae, the same type of growth is seen to some extent, although the corallite 
shape is rather invariable. Sincratr noted two more striking changes in posi- 
tion of the ranks. The most remarkable is in his point II where a rank is 
joined to another, becoming free, and then reuniting the same rank, but now 
added four corallites further to the left. 

Generally speaking, the whole feature of the lacunae is, however, rather 
stable than the preceding Manipora. Some examples of corallite increase in a 
chain are fairly well traceable in these serial sections. 

The writer does not know to what extent this growth pattern is found in 
other chain corals as Srncrarr also noted. Much remains to be studied in 
future on this kind of growth of the Halysitidae corallum. 


* Axial diameter is used for a diameter measured along the prolongation of coral- 
lite chain, and cross diameter is in right angle to the preceding, or the direction of 
the free end of the corallite side, both in cross section. 

** The genus Manipora is erected by SiNcLair (1955) for a species amicarum. It 
is, however, probable that the following forms belong to this genus as far as the 
writer is aware. Halysites keyserlingi Tory (1889, fig. 10, pl. 4; figs. 1, 2, 1 WaE 
parallela by Torx (Ibid., figs. 4, 5, pl. 5). H. gracilis by TROEDSSON (1929, figs. 2, 3a, b, 
pl. 40). A. feildeni (=H. fieldeni in explanation of plate) by TroEpsson (Jbid., figs. 1- 
3, pl. 41; figs. la, 2a (=? 1b), pl. 42; figs. la, b, pl. 43). A gracilis by TE1cHEert (1937, 
figs. 3, 6, pl. 7). H. sp. by Mitter & YouncaquisT (1947, figs. 1, 2, pl. 2). AH. sp. by M. 
& Y. (lbid., fig. 3, pl. 1). Arcturia sp. by M. & Y.. (Ibid., fig. 2, pl. 1). Palaeohalysites 
parallelus by KrAEVSKAYA in KHALFINA (1955, fig. 165, p. 155). For these references 
see HAMADA (1957c). Manipora should represent a new group of the Tabulata, and not 
a member of the Halysitidae. 
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V. Wall Structure 


It was the previous conclusion that the wall of the Halysitidae consists of 
three layers, i.e. epitheca, midwall and peripheral stereozone, and that the 
base of the septal spinule does not attain the epitheca but terminates within 
the peripheral stereozone (Hamapa, 
1957a). These observations were 
made mostly on Acanthohalysites sp. 
i.e., Yasr’s Halysites australis in his 
Taf. 9, Fig. 2, 1915. As it is illust- 
rated in Fig. 7, Pl. XIII the septal 
spinule is dark colored and its 

ica base broadly rounded off (see also 
Figure 7. Wall structure of Catenipora Hamapa, 1957a, p. 389, text-fig. 4). 
ae SINCLAIR & BOUT ; The midwall is somewhat pale. 

: epitheca, m: midwall, P: peripheral A telcos (hea buventete He eatl 
stereozone, S: septal spinules. : ; 

is tolerably well seen on Catenipora 


Note the rounded base of septal spinule 7 
in the periphera! stereozone and the black rubra from the Upper Ordovician of 


line at the junction of two corallite tubes. Manitoba in Fig. 3 on Pl. XII (see 
(See Plate XII, Fig. 3) Text-fig. 7). Though the septal 

spinules are more slender than those 
of the preceding, their bases are also rounded off before reaching the epitheca. 
The same structure is represented in Leitn’s “ Halysites gracilis” (1944, fig. 5, 
pl. 43) which is the holotype of Catenipora rubra by designation of Sincrair & 
Botton (1956), and also the same species in Burnter’s fig. 1, pl. 5. In longitu- 
dinal sections of C. rubra the septal spinules are arranged farily sparsely and 
projected upwards on the inner surface of the corallite tubes (Figs. 4, 6, Pl. 
XII). They do not form septal ridges as in Catenipora escharoides (Tuomas & 
Smitu, 1954, pp. 768 et seq.; Hamapa, 
1957a, figs. 5-8, pl. 4) and in Acanthohaly- 
sites sp. by Tuomas & Smiru (1954, Haly- 
sites sp., p. 771, pl. 12, fig. Ic). As shown 
in Fig. 3, Pl. XIV, septal ridges can hardly 
be overlooked on Yase’s Catenipora elegans 
(Fig. 3 on Taf. 5, 1915). 

The minute structures of the corallite 
wall are observable on some sections of 
the Russian Catenipora sp. Text-fig. 8A re- 
veals the wall structure of this species in 
Fig. 6 on Pl. XIII. It is a tangential sec- 
‘tion of a’macrocorallite tube as diagram- 
matically shown in Text-fig. 8B. Through 
a close inspection on this thin section the 
following facts were found out: 


x x 
RSS 


Figure 8. Tangential section of 
a macrocorallite tube. 


The peripheral stereozone is composed Ne TES hone te det aoe 
of more or less coarse calcite prisms which Piece fon Pie ch 
are arranged at the center of the wall B: Diagrammatic sketch of the 
section almost parellel to the axis of the tangential section of a macrocoral- 
corallite tube. The midwall, on the other lite tube. e, pitheca; p, peripheral 


hand, consists of fine calcite lamellae stereozone; m, midwall. 
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oblique to the epitheca. The same features are also seen in Fig. 4, Pl. XIII 
and Pig. 2,.Pl. nV. 

In the preceding paper the writer noted on the transversal thin section of 
“ Halysites australis” (=Acanthohalysites sp.) that the epitheca is composed of 
fine calcite lamellae rectangular to the surface of the wall. Here the epitheca 
is represented by bright line in the external part of the corallite section as 
shown in Figs. 5, 6 on Catenipora sp. and in Fig. 3 on C. escharoides both in 
Pl. XIU, while, C. rubra in Fig. 3 on Pl. XII reveals dark lines. 

It is of great importance that the peripheral stereozone of C. rubra (Fig. 3 
on PI. XII) is partly replaced by dark material, but the midwall is not altered. 
The similar replacement is also observable on the specimen of C. rubra (des- 
cribed as Catenipora gracilis) in Buruver’s pl. 5, fig. 1 (1955). It depends most 
probably on the difference of crystal dimensions between the peripheral stero- 
zone and midwall. 

Buruter’s Halysites compactus (=Densoporites compactus) in his pl. 5, fig. 2 
clearly shows a narrow dark epitheca and rather coarsely crystalline calcite 
lamellae of the inner wall (peripheral stereozone-+midwall) in a transversal 
thin section. 


VI. Intercorallite Wall Structure 


Among the wall structures of the Halysitidae the intercorallite wall struc- 
ture is of special interest. Though many of the halysitid corals show no 
particular wall structure at the junction of two corallites, there are some pro- 
vided with the perculiar feature or the so-called “ Balken”. 

Text-fig. 7 is a schematic cross section of Catenipora rubra in Fig. 3 on Pl. 
XII. Its wall consists of three layers or the outer wall (=epitheca) and inner 
wall (midwall+peripheral stereozone) as elucidated in the foregoing article. 
The intercorallite wall is composed of the inner wall as seen in the figure. A 
narrow black fissure-like striation rectangular to the outer wall is observable in 
the middle of the intercorallite wall. Probably it indicates a boundary between 
the two corallite walls. The mineral substitution took place more easily at 
this part than another part of the inner wall as shown in Fig. 3 on Pl. XII. 

The “ Balken” structure at the junction of two corallites was described 
by Fiscurer-Benzon (1871) on several Halysitinae such as Halysites regularis and 
H. labyrinthicus. In 1915 Yasr also clearly figured out the structure on several 
forms of the Halysitinae. Some of them are refigured in this paper for com- 
parison. 

Text-fig. 9 represents the variation of the “ Balken” structure. It is always 
composed of a pair of dark coloured rods as excellently demonstrated as “ Bal- 
kenpaar” by Fiscurer-Benzon at the both edges of a macrocorallite. Halysites 
labyrinthicus in Fig. 5, Pl. XV looks at a glance to be provided with the solid 
chevron shaped “Balken”. A close observation, however, clarifies that the 
structure is also composed of bipartate “ Balken” as seen in a corallite section 
at the upper part of the figure (Text-fig. 9F.) 

In an extraordinarily thin cross section the structure is so obscure that 
even a careful examination is in vain to find a peculiar intercorallite wall. It 
is an interesting fact that the shape of the “Balken” varies in a corallum in 
some species, for example, C and D of Halysites labyrinthicus in Text-fig. 9. 
This can be confirmed with Yanr’s Fig. 2 on Taf. 8 (4). Fiscurr-Benzon also 
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discerned two types of the “Balken”, i.e., Fig. 9, Taf. 1 and Fig. 7 on Taf. 2, 
within a species (Halysites labyrinthicus). 


Sire ot a 
B eD F 
Figure 9. Variation of the “Balken” in the Halysitinae. 

A: Halysites regularis FISCHER-BENZON from Windau, Kurland (FiscHEr- 
Benzon, 1871, Taf. 2, Fig. 2), B: Halysites labyrinthicus GoLpFuss* from Hofes 
Kabillen, Kurland (lbid., Taf. 1, Fig. 9), C: H. labyrinthicus Go_pruss** from 
Gotland’ (Yape, 1915, Taf. 8(4), Fig. 2; Pl. XV, Fig. 4 in this paper), D: The 
same as preceding, &: Acanthohalysites cfr. nitidus (LAMBE)*** from Gotland 
(YABE, 1915, Taf. 9(5), Fig. 1), F: Halysites labyrinthicus GoLpFuss**** from 
Kozel, Bohemia (/bid., Taf. 7(3), Fig. 3; Pl. XV, Fig. 5, in this paper). 

* Described as Halysites labyrinthica GOLDFUSS. 

** Described as Halysites labypinthicus (LAM.) FISCHER-BENZON. 
*** Described as Halysites siissmilchi ETHERIDGE. 
week Described as Halysites labyrinthicus (LAM.) FISCHER-BENZON. 


Thus the “Balken” is invaluable for specific separation. The structure, 
however, bears probably a great import for the formation of micro- and meso- 
corallites of the Halysitinae, because it is found mostly in the Halysitinae and 
absent in the Cateniporinae. A single exception is Catenipora escharoides by 
Fiscuer-Benzon in Figs. 2, 3, Taf. 3. Its “Balken” is abnormal in large and 
irregular shape. It is further noteworthy that this form is not a typical 
Catenipora in the possession of a small tubule between two corallites, like 
microcorallite of the Halysitinae. 

As far as the writer is aware, this “ Balken” structure is mostly known 
of the thick-walled Halysitinae from Europe and Western Russia as exempli- 
fied in Text-fig. 9, and none from Asia, Australia and North America. The 
writer ventures to say as a tendency that the stouter the “Balken” structure 
of the Halysitinae, when the greater the wall-thickness. These differences are 
inferred to have something to do with palaeoclimate. 

Septal spinule-like projections in the micro- and mesocorallites are also 
interesting features of the intercorallite wall. A remarkable example is in 
Acanthohalysites sp. in Fig. 6 on Pl. XIV from Dudley, England. This projection 
has already been shown schematically by the present writer (Hamapa, 1957a, 
p. 388, text-fig. 8b). It differs from the true septal spinule in a macrocorallite 
in its rather stout and round-topped shape. In thin cross section this projec- 
tion seems to be composed of the same material as that of the “Balken” in 
some other halysitid corals. In fact, an example of the projection originated 
from the “ Balken” is found on Halysites labyrinthicus (Hamapa, Ibid., p. 388, 
text-fig. 8a). 


Unfortunately the “Balken” is not observable in Acanthohalysites now in 
Le 
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question, but it is an interesting fact that the projections are all originated 
from the intercorallite wall, instead of the epithecal sides of the micro- or 
mesocorallite visceral chambers. Besides, only one projection is situated at 
every macrocorallite side of the intercorallite wall. 

The existing knowledge on this structure is not sufficient to elucidate its 
biological bearing. The writer, however, deems that the appearance of the 
projection is related to climatic conditions. There is, however, a query whether 
the structure, as well as the “Balken”, is originated from secondary altera- 
tion of a part of intercorallite wall. 

Incidentally, rosettelike spots at the junctions of corallites of Catenipora cf. 
jacovickii by Duncan (1956, fig. le, pl. 27) are probably the unusually thickened 
intercorallite walls. “Thin sections show that these spots are actually solid 
deposits in which the fibers are oriented at angles to the fibrous material of 
the corallite walls”, he described. These structures remind the writer of the 
peripheral stereozone and midwall above discussed. 

It is interesting that the tissue uniting adjacent calices is often solid, and 
its surface in ornamented with very small granules arranged in four to six 
close-set parallel lines to the direction of chains as clarified by Tuomas & 
Smitu (1954) on the weathered calyx surface of Acanthohalysites sp. from Much 
Wenlock, Shropshire (described as Halysites sp., pl. 22, fig. 2). 


VII. Struggle for Existence 


It is quite unexpected for the writer to find struggle for existence be- 
tween a chain coral and stromatoporoid on a specimen of Catenipora elegans 
FiscHer-Benzon which was procured from Snackvicken, north of Visby, Got- 
land, Sweden, and is kept in the Geological and Paleontological Institute, 
Tohoku University (Sect. Nos. [Xa, b). 

In this longitudinal section on Fig. 1, Pl. XIV two Stromatoporella colonies 
are enclosed in a halysitid corallum. The lower Stromatoporella colony has an 
undulated smooth upper surface and a amoebic lower one (Fig. 5). The chain 
coral has been interrupted its growth where it was encrusted by the stroma- 
toporoid colony, while the remaining part continued to grow (Fig. 1). It is 
interesting to see that the lacunae of the chain coral become fairly irregular 
near the amoebic stromatoporoid colony. Later, Stromatoporella was dead and 
soon the chain coral extended to build up chain into this room. No muddy 
material was deposited before the encrusting of the new corallite chains on 
the upper surface of the colony. Because the delicate pillars of the stroma- 
toporoid are so well preserved as seen in Fig. 2, Pl. XIV, there was seemingly 
no mechanical destruction of the colony. Because the uppermost lamella of 
the stromatoporoid colony is continuous, it is reasonable to consider that the 
stromatoporoid was not killed by the chain coral, but was dead at once by 
some other reason. 

It did not take a long time for the coral to cover the porous surface of 
the stromatoporoid with basal attachment of the corallites (Fig. 3, Pl. XIV). 
Such a struggle has taken place again after the encrustation of the halysitid 
on the first stromatoporoid colony in a similar way. But in this case, discon- 
tinuity of the upper lamella of the stromatoporoid colony, which is encrusted 
by new chains of halysitid corallites, probably indicates mechanical destruction 
of the colony (PI. XIV, Fig. 4). 
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The attachment of halysitid corallites on the other organism has already 
been described on Schedohalysites kitakamiensis* (Hamapa, 1956). Because in 
the present specimen the basal parts of the encrusting corallites are never 
immersed in the underlying Stromatoporella (PI. 
XIV) in the same way as observed on the Japanese 
species (Ibid., p. 135), the writer convinced him- 
self of that the halysitid covered not the living 
part but the skeletal remain of the other or- 
ganisms. 

Several corallites beneath the amoebic stro- 
matoporoid colony show their contorted calyces 
as illustrated in Text-fig. 10. It is noteworthy 
that their growth was ceased by encrustation of 
a Stromatoporella colony at various levels (Fig. 1, 
Pl. XIV). This must be a proof of the struggle 
for their existence. The writer contends that 
the relatively short and somewhat distorted 
calyces of this halysitid must have something to do with the struggle. 


Figure 10. Encrusting of 
Stromatoporella on Catenipora 
elegans. Note the rather 
short, contorted calyces of 
the chain coral. 


VIII. Annual Growth 


On some chain corals are observed periodic thickening of the tabulae and 
periodic constriction of the outer wall of corallite tubes. Fig. 1 on Pl. XV is 
an example of the thickening on the corallum of Catenipora sp. (Yaxr’s Haly- 
sites escharoides Fiscuer-Benzon; Fig. 4, Taf. 6 (2), 1915) from Piersal, Russia. 
In this specimen one or two, and rarely three, tabulae are thickened in fairly 
regular intervals. These tabulae are generally three or four times thicker 
than the ordinary ones. The interval between two thickened parts is mostly 
about 2.5mm. (Fig. 2 on Pl. XV), but attains some 3mm. (Fig. 3). 

Similar periodic thickening of tabulae is also illustrated in Buruvrr’s fig. 
3 on pl. 5 (1955) of Densoporites compactus (=Halysites compactus). The inter- 
vals in this case are also about 2.5mm. 

The periodicity in the corallite growth is recognized not only on the 
tabulae but also on the outer surface of the corallite tubes. A remarkable 
instance is Catenipora micropora (from Louisville, Kentucky) in fig. 5 and Haly- 
sites sp. (from Tofta Parish, Gotland) in fig. 4 both on Burnter’s pl. 12 (1955) 
in which weak constrictions appear periodically on the corallite surfaces. These 
constrictions are transversal along growth lines on the corallite chain. The 
intervals are about 2mm. in the former and 1mm. in the latter. 

To the writer’s regret it is unknown whether these two periodic changes 
in the corallite really correspond with each other or not, because no material 
at hand is suitable to check it up. It is quite difficult to prove that the two 
periodic changes are contemporaneous. Because the thickening of tabulae 
takes place at the base of the calyx where the animal is attached, while the 
constriction of the corallite tube probably occurs at the calyx top. The writer, 
however, opines that these changes show the annual growth of the chain corals. 


* Described as Halysites kitakamiensis. For the generic assignment see HAMADA 
(1957b, p. 401). 
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In other words, the thickening of the tabulae and the constriction of corallite 
tubes probably indicate a cold season when growth is retarded or even ceased. 

It seems to bear crucial importance that such a seasonal change is met 
with in a few among many halysitids. No periodic change of corallite charac- 
ters is seen either in Japanese chain corals which the writer examined (1958) 
or in the Australian ones in Ersueripcr’s (1904) and Hirx’s (1954) illustrations. 
Furthermore, it is noteworthy that most other Gotlandian tabulata and rugosa 
from Asia, Siberia and Australia show no seasonal changes as clarified by Ma 
(1956). Therefore, the Asia-Australian Sea of the Gotlandian period (Hamapa, 
1958) must have been under the warm climatic conditions just like the modern 
tropical sea. An extensive study on seasonal change of recent corals by Ma 
(1937) is valuable for the consideration of the problem. 


IX. Summary 


Based upon the observations on several specimens of the European and 
Canadian halysitid corals are clarified the methods of corallum expansion. 
There are three types of asexual corallite increase, peripheral and interstitial 
increases and lateral budding. Above all, the first is the most common and 
important for the Halysitidae. 

Basal creeping of a corallum by peripheral increase is illustrated with an 
exposed corallum which has grown up on the muddy floor. It shows the method 
and succession of lacuna building explicitly. Besides, the order of extend- 
ing corallite chains, root-like projections, deformation of chains by joining of 
new corallites are exemplified. 

Catenipora elegans kept in the Téhoku University reveals an interesting 
example of strugle for existence with Stromatoporella. Encrusting of the 
stromatoporoid colonies on the chain coral corallum, and basal attachment of 
the latter on the former are spectacular. 

The annual changes of corallite characters of the Halysitidae are postulated 
for the periodical thickening of tabulae and shallow constrictions of corallite 
surfaces which are observed on some European and North American forms. 

From this postulation to the halysitids as well as the other tabulate 
and rugose corals devoid of seasonal changes the Gotlandian climate of Asia, 
Siberia and Australia is supposed to have been very warm. 
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B. Errata for Hamada (1957 b, c) 


Ke} 


. 401. foot note Read Halysites catenularia for Halysites catanularia. 
. 402, 1-8. Read H. lithostrotonoides for H. lithostrotionoides*. 
. 421, 1. 6. Eastern Greenland should be omitted. Therefore the point 3 in Map 2 in 


p. 420 should be transfered to a point (N. 69°, W. 97°) in the North West Terri- 
tories. 


oO 


p. 424, 1.-16. Read lithostrotonoides ETHERIDGE for lithostrotionoides ETHERIDGE*. 

p. 426. 1-17. Read FiscHER-BENzon, R.v. for FISCHER-BENZON. 

p. 427. 1.-12. Read Jour. Geol., Vol. 43, No. 6 for Quart. Jour. Geol. Soc. London, Vol. 43. 

p. 428, 1. 25. Read (1851) for (1849). 

p. 428, 1. 27. Read (1854) for (1850). 

p. 428, 1.-4, 5. Read Ordovician and Silurian Fossils from the Central Himalayas for 
Ordovician and Silurian Fossils from Himalayas and Yun-nan. 

p. 429, 1.-1. Read Vol. 56 for Vol. 61. 

p. 430, 1. 4. ff} should be omitted. 


* ETHERIDGE (1904) described the species as Halysites lithostrotonoides. This specie- 
fic name is, however, erroneously referred to as Jithostrotionoides by Hiru (1954, p. 38, 
39), BUEHLER (1955, p. 50), and by Hamapa (1957b, p. 402; 1957c, p. 424). HILv’s Hef, 
lithostrotionoides is Schedohalysites yarrangobillyensis by designation of Hamanpa (1957b, 
p- 401). 
Incidentally an indication for plates of H. lithostrotonoides in ETHERIDGE’s Pp. 23 is 
misprinted. They should be read Plate I, Figs. 2,3; Pl. VI, figs. 1 and 2; Pl. IX, Fig. 4 
for Plate, I, Fig. 1; Pl. IV, Figs. 1 and 2; Pl. IX, Fig. 4 judging from the explanation 
of figures and ETHERIDGr’s own List of Plates in front page. Besides, BUEHLER’s re- 
ference of this indication of plates is also still incorrect though he corrected partly 
(p.'50, 1.-4). 
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Corallum Growth of the Halysitidae 


Plate XII 


Explanation of Plate XII. 


Figs. 1, 2. Halysites catenularius (LINNAEUS). Sp. No. Pa 194c (105). Dudley, England. 
Fig. 1. A basal view of a corallum showing formation of lacunae. The beginning 
of the corallum is at the upper left part of the figure. Note the order of exten- 

sion of the corallite chains. (See Text-fig. 6 in p. 279). 3.7. 

Fig. 2. A side view of a part of the same corallum showing the creeping basal 
part of the chain by peripheral increase of corallites. 3.7. 

Figs. 3-7. Catenipora rubra SINCLAIR & Botton. Reg. No. PCa 7300. Upper Ordovician 
Selkirk Member, Red River Formation, Garson, Manitoba, Canada. 

Fig. 3. A transversal thin section of a part of a corallum. Note the needle-like 
septal spinules with rounded bases (dark). Midwall reveals a narrow band be- 
tween the epitheca (black) and the line of septal spinule bases. Secondary re- 
placement of minerals occurred in the peripheral stereozone and the septal 
spinules (black). (See also Text-fig. 7 in p. 281). x8. 

Fig. 4. A longitudinal section slightly off from axis of the corallite chain showing 
rather loose arrangement of septal spinules without septal ridges. x6, 

Fig. 5. A side view of a part of a corallite chain showing an interstitial increase 
of a new corallite. x2. 

Fig. 6. A longitudinal axial section of corallite chain showing upward needle-like 
septal spinules. x6. 

Fig. 7. A side view of a corallite chain showing peripheral increase of corallites 
after partial destruction of the corallum. The fourth and fifth corallite tubes 
from left have been broken off before the new peripheral increase takes place. 
2! 


These specimens are kept in the Geological Institute, University of Tékyé. 
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Corallum Growth of the Halysitidae 


Plate XIII 


Explanation of Plate XIII. 


Fig. 1. Halysites labyrinthicus Gotpruss. Sect. No. Vla*. Etage E,, Kozel, Bohemia, 
Czechoslovakia. The same specimen as in Fig. 5 on Plate XV. 

A transversal thin section of a corallum showing several extending chains not 
yet joined with each other. (See Text-fig. 2 in p. 275). This is a remarkable ex- 
ample of the process of lacuna formation. 4. 

Figs. 2, 3. Catenipora escharoides LAMARCK. Reg. No. PCa 7301. Upper Visby Marl 
between Norrakyrkogarden and Galgverget, Northeast of Visby, Isle of Gotland, 
Sweden. Coll. T. KoBAYAsHI. 

Fig. 2. A transversal thin section showing an incomplete fusing of a new chain to 
the older corallites. Note the epithecal remnant of the older corallites at the 
junction. (See Text-fig. 5a in p. 277). This indicates the latest stage of the lacuna 
formation. x8. 

Fig. 3. Another part of the thin section showing a stage immediately after com- 
pletion of the fusion of two chains. The central corallite virgates from the 
upper series, and a corallite of the lower series fused with it is deformed into 
a diagonal form. (See Text-fig. 5b in p. 277). x8. 

Figs. 4-6. Catenipora sp.* (i.e. YABE; Halysites escharoides FISCHER-BENZON, 1915, Taf. 6 
(2), Figs. 3,4). Piersal, Russia. 

Fig. 4. A longitudinal thin section showing peripheral increase of corallites. 
The right corallite with a calyx lip is the parental corallite and the left three 
are new ones. See the restoration in Text-fig. lb in p. 274. Note the wall struc- 
ture between the corallite tubes. «8. 

Fig. 5. A longitudinal thin section showing lateral budding of the corallites. The 
right corallite with a calyx lip is the parental corallite and the lower left is the 
first, the upper left is the second new corallite. x8. 

Fig. 6. A longitudinal tangential thin section of two corallites showing the wall 
structure. The peripheral stereozone is represented by the series of rather large 
calcite prisms in central part of the corallite section, and the midwail by oblique 
rather slender prisms in both sides of the former. The epitheca reveals the 
bright lines at the exterior surface of the corallite tubes. x8. 

Figs. 4-6 are the parts of the specimen illustrated in Plate XV, Fig. 1. 

Fig. 7. Acanthohalysites sp.* This is the same specimen illustrated by Yasr, 1951, in 
Taf. 9 (5), Fig. 2 under the name of Halysites australis ETHERIDGE. Dudley, Eng- 
land. A cross thin section showing septal spinules with rather large rounded 
bases entombed in the peripheral stereozone. x8. (Fig. 6 on Plate XV is another 
part of the specimen with weak septal spinules). 


* These specimens are kept in the Geological and Paleontological Institute, Téhoku 
University at Sendai. The rest in the Geological Institute, University of Tékyé. 
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Corallum Growth of the Halysitidae 


Plate XIV 


Explanation of Plate XIV. :~ > 


Figs. 1-5. Catenipora elegans FISCHER-BENZON with Stromatoporella sp. Sect. Nos. IXa, b.* 
Snackvicken, North of Visby, Isle of Gotland, Sweden. 

Fig. 1. A longitudinal thin section showing sub-radiate corallite tubes of halysitid 
corallum with two enclosed stromatoporoid colonies. Sect. No. IXb. 

Note the smooth upper and amoebic lower surfaces of Stromatoporella. 2. 

Fig. 2. A part of the same specimen showing encrusting halysitid corallites and 
upper surface of Stromatoporella which indicates no mechanical destruction. The 
delicate pillars of the latter are fairly well preserved. x4. 

Fig. 3. A part of Fig. 1 showing basal attachment of the halysitid corallites on 
the lower stromatoporoid colony. Note also the pseudocolumella and the septal 
ridges (grey) which entombed in the peripheral stereozone (dark). x8. 

Fig. 4. Another part of Fig. 1 showing basal attachment of corallites on the upper 
stromatoporoid colony. The discontinuity on the stromatoporoid surface should 
indicate an injury before encrusting of the corallites of Catenipora. x8. 

Fig. 5. A transversal thin section of the same specimen showing amoebic exten- 
sion of the Stromatoporella colony and somewhat irregular lacunae of the chain 
coral. Sect. No. IXa. x3. 


* All specimens are kept in the Geological and Paleontological Institute, Téhoku 
University at Sendai. 
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Corallum Growth of the Halysitidae 


e 


Plate XV 


Explanation of Plate XV. 


Figs. 1-3. Catenipora sp. The same specimen illustracted by Yase, 1915, Taf. 6 (2), 
Fig. 4 under the name of Halysites escharoides FISCHER-BENZON. Piersal, Russia. 
Figs. 4-6 on Plate XIII are the parts of this specimen. 

Fig. 1. A longitudinal thin section showing the periodic thickening of the tabulae. 
Ze 

Fig. 2. A part of Fig. 1. showing thickened tabulae in three levels for several 
corallites. x8. 

Fig. 3. Another part of Fig. 1 showing rather distant intervals of thickening in 
three levels. x3: 
Note the discontinuous calcareous deposit in the corallite tube at about upper a 
third of the figure. This part indicates a short cease of the growth, and the up- 
per corallite newly developed on the older corallite calyx (see Text-fig. 4 in p. 
277). It is an interesting fact that this part is in the same level as the lateral 
budding took place at the neighbouring corallite tube shown in Fig. 5. on Plate 
XIV (see lower left part of Fig. 1). 

Fig. 4. Halysites labyrinthicus GoLpFuss. This is the same specimen illustrated by YABE, 
1915, Taf. 8 (4), Fig. 2 under the name of Halysrtes labyrinthicus (LAM.) FISCHER- 
BENzON. Sect. No. VIII. Visby, Isle of Gotland, Sweden. 

A cross thin section showing bipartate slender “ Balken” at the reentrant places 
of the corallite chain. x65. 

Fig. 5. Halysites labyrinthicus GoLpFuss. The same specimen illustrated by Yasr, 1915, 
Taf. 7 (3), Fig. 3 under the name of Halysites labyrinthicus (LAM.) FISCHER-BEN- 
zon. Fig. 1 on Pl. XIII is also from the same thin section. Etage E,, Kozel, Bo- 
hemia, Czechoslovakia. 

A transversal thin section showing stout “ Balken ” comprising the corallite walls 
between the macro- and microcorallites. Note a small bipartate “ Balken” at the 
right corner of the figure. Partly retouched. x5. 

Fig. 6. Acanthohalysites sp. This is the same specimen illustrated by Yass, 1915, in 
Taf. 9 (5), Fig. 2 under the name of Halysites australis ETHERIDGE. Dudley, Eng- 
land. Fig. 7 on Plate XIII is another part of the specimen. 

A cross thin section showing septal spinule-like projections in microcorallites 
and mesocorallites. x8. 


All specimens are kept in the Geological and Paleontological Institute, T6éhoku 
Univeasity at Sendai. 
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STUDIES ON THE OSTRACODA FROM JAPAN 
IV. Family Cytherideidae Sars 1925. 
By 
Tetsuro HANAI 
With three Plates 


Abstract 


Ostracoda referable to the genera Cushmanidea, Krithe, and a new genus Neocyprideis 
are described from the Pliocene deposits and Recent beach sand of Japan and its 
vicinity. The relations between Pseudadont (new name) and desmodont hingements 
are discussed in some detail. 
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Introduction 


The genera Cushmanidea, Krithe and Neocyprideis n. gen., are common and 
widely distributed. However, no representatives of these genera from Japan 
and its vicinity have so far been described, except Krithe hyalina described by 
Brapy (1880) from the Inland Sea of Japan. 

In this paper, the writer descibes three species of Cushmanidea, two species 
of Krithe and one species of Neocyprideis n. gen. with special reference to the 
development of the hinge structure. 

The hingement of Cushmanidea, most species of which were hitherto called 
“ Cytherideis”, consists of three non-crenulated parts, i.e. a long anterior 
groove, a median ridge and a rather short or sometimes socket-like posterior 
groove in the left valve and a complementary long anterior ridge, a median 
groove and a short or sometimes knob-like posterior ridge in the right valve. 
In this type of the hingement, very faint crenulations are sometimes found 
at the junctions of anterior and median, and of median and posterior hinge 
elements. 

Makin (1955) proposed the term “desmodont” for hingement which con- 
sists of a longitudinal ridge or bar below the dorsal margin of one valve and 
a marked groove below the dorsal margin of the other valve. Although the 
anterior and posterior hinge elements were not described, the genus “ Cythe- 
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rideis” was given as an example of this type of hingement. In 1956, Syrvester- 
Braptey introduced the term “lophodont” for hingement in which there are 
three elements in each valve, all consisting of ridges and grooves. Examples 
he gave of this type of hingement are Bythocythere and Camptocythere. The 
hingement of “Cytherideis” is different from those of Bythocythere or Campto- 
cythere in having a very long anterior ridge-and-groove structure. Thus, for 
convenience, the writer used the term desmodont to describe the “ Cytherideis”’ 
type hingement. 

In the hingement of the genus Kyrithe, the dorsal margin of one valve is 
grooved to receive the edge of other valve. This type of hingement resembles 
closely the adont or simple hinge described by some authors (i.e. Borp 1946, 
SytvesTer-Braptey 1956). This paper, however, attempts to clarify the fact 
that the hingement of Kvithe is at least ontogenetically, perhaps also phyllo- 
genetically, later than the three-element-hingement of the “ Cytherideis” type. 
It is different in detailed morphology from adont hingement in sometimes 
having a faint crenulation along the posterior one-fourth of the hingement. 
It is therefore proposed that a new term “pseudadont” be used for this 
Krithe type hingement. 

This paper was completed in the University of Tokyo under the direction 
of Professors Teiichi Kopayasur and Fuyuji Taxar. My sincere thanks are 
extended to both professors for their suggestions and continued encouragement. 

The study was initiated at Louisiana State University, Baton Rouge, 
Louisiana, U.S.A. I am deeply indebted to Professor H. V. Howe, Directer of 
the School of Geology, Louisiana State University for his helpful suggestions 
and criticisms and for access to his type collections and his library. 

Mr. and Mrs. R.L. Arrusy of New York University, gave me many sug- 
gestions. Mr. R.W. Morris of the Arabian American Oil Co. kindly read the 
manuscript. I should like to express my sincere thanks to these people. 


Note on the classification 


The subfamily Cytherideinae was established by Sars (1925) as one of the 
subfamilies of the family Cytheridae to include genera Cytherissa, Cyprideis, 
Cytheridea, Eucythere and Krithe. This classification has been followed by most 
authors. In 1952, Purr separated ‘“Cytherideis” and its allies (Cytherideis, Copy- 
tus, Pontocythere, Krithe, Cushmanidea, Sahnia and Neocytherideis) from Sars’ 
subfamily Cytherideinae. He proposed a new subfamily Cytherideisinae for 
this smaller group of Ostracoda. This concept of the subfamily is followed 
by Currruam (1952), Munsry (1953) and again by Purr (1953). 

In 1953, Sytvesrer-Brapiry and Harpine designated Cytherideis unicornis 
Jones 1856 as the type species of the genus Cytherideis. According to Jongs 
and Suersorn (1887) Cytherideis unicornis Jones 1856 is a synonym of Cypridea 
spinigera (Sowrrsy). Since this was the first valid designation of the type 
species of this genus, Cytherideis becomes a synonym of Cypridea Bosquer 1852. 
Consequently, the subfamily Cytherideisinae, which, as pointed out by Syivesrer- 
Brapiey and Harprne (1953), should be spelled Cytherideidinae becomes a 
synonym of the subfamily Cyprideinae Martin 1940. In conclusion, SyitvesteEr- 
Brapiey and Harpine suggested the species described as “ Cytherideis” by Purr 
(1952, 1953), Curerram (1952) and Munsry (1953) be transferred to Hemicytherideis 
Rucererr 1952 (Type species: Cytheridea elongata Brapy 1868), because Pury 
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(1952) regarded Hemicytherideis Ruccieri as being synonymous to his concept 
of “ Cytherideis”’. 

In 1955, Howe suggested that Cushmanidea Brake 1933 or Pontocythere 
Dusovsxy 1939 might be used for many of the species which have been descri- 
bed under the name “Cytherideis”. Recently, Orrrxr (1956) placed Hemicytherideis 
Rucererr in the synonymy of Pontocythere Dusovsxy. However, since the rela- 
tions between the three genera (Cushmanidea, Pontocythere, and Hemicytherideis) 
has not been clarified, and since there are no distinct features which differen- 
tiate Cushmanidea from the other two genera, it seems advisable to use the 
generic name Cushmanidea Braxe 1933 for this group of Ostracoda in order 
of priority. Thus, in 1957, McLean, citing Howr’s recent opinion that “the 
first available name is Cushmanidea Brake”, adopted “the genus Cushmanidea 
for forms now in the literature as Cytherideis”. This view has been followed 
by Purr (1957). 

No subfamily name exists for Cushmanidea and allied genera since 
Sytvester-Brapitry and Harprine invalidated the name Cytherideidinae. In 
1957, McLean used the subfamily Eucytherinae Puri to include Cushmanidea 
as well as Eucythere. In the same year, however, Purr (1957) proposed a new 
subfamily name Neocytherideidinae Puri for the group of genera which had 
been included in the subfamily Cytherideidinae by himself and others, de- 
signating Neocytherideis Purr as the type genus. 

The taxonomic position of Eucythere Brapy 1866 has also been uncertain. 
Sars (1925) includes this in his subfamily Cytherideinae, while Krier (1938) 
placed it in the subfamily Cytherinae. Sars’ view is followed by TriesBer 
(1940), Hornrproox (1952), Van pen Borp (1946) and many others, whereas 
Kure’s view is supported by Erorson (1941). In 1953, Purr proposed a new 
subfamily Eucytherinae based on the single genus Eucythere Brapy 1868. 

In excluding subfamilies Cytherideidinae and Eucytherinae from subfamily 
Cytherideinae of Sars, Purr (1953) restricted the subfamily Cytherideinae to a 
group of Ostracoda (Cytheridea, Haplocytheridea, Dolocytheridea, Anomocytheridea, 
Clithrocytheridea, Heterocyprideis, Paracytheridea, Phractocytheridea, Schuleridea 
and Ovocytheridea), which “shows well-developed sets of crenulate teeth and 
sockets”. In 1956, Orrrr1 considered the Cytheridea group to include the 
genera Cytheridea, Eucytheridea, Haplocytheridea, Clithrocytheridea, Dolocytheridea, 
Perissocytheridea, Cyprideis, Ovocytheridea, Schuleridea and Cyamocytheridea. 
Recently, however, Kery (1957) included the following genera and subgenera 
in the subfamily Cytherideinae of strict sense: Cytheridea, Clithrocytheridea, 
Haplocytheridea, Aulocytheridea, Cyprideis (Cyprideis), Cyprideis (Goerlichia), 
Cytherissa, Paracyprideis, Cuneocythere (Cuneocythere), Cuneocythere (Monsmirabilia). 
Although he did not give any definition of the subfamily, apparently his con- 
cept of the Cytherideinae is somewhat different from Purr’s concept in having 
the non-crenulated forms such as Paracyprideis and Cuneocythere included in 
the subfamily. 

In summarizing the historical review mentioned above, it can be seen that 
the subfamily Cytherideinae of G.O. Sars, which was raised to family rank 
by Sytvester-Braprey and Harpine (1953) has been divided into three groups: 
1) The first group contains Cytheridea and allied genera which are characterized 
by crenulate merodont hingement or its modifications. This group can be 
called subfamily Cytherideinae in a strict sense. 2) The second group includes 
the. genus Cushmanidea and its allies, whose hingement is either desmodont of 
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Cushmanidea type or pseudadont of Krithe type. This group can be called 
subfamily Neocytherideidinae Purr 1957. 3) The third group is known as sub- 
family Eucytherinae Purr of strict sense which consists of the single genus 
Eucythere Brapy. 

The natural classification of the family Cytherideidae is still one of 
uncertainty and difference of opinion. However, the hingement of cytherideid 
Ostracoda is either crenulate merodont, desmedont, pseudadont or a modifi- 
cation of one of these types. It is not unlikely that the Cytherideidae repre- 
sent several lineages undergoing parallel evolution. At present the classifica- 
tion based on crenulation of the hingement seems practical. 

Cenozoic and Recent Cytherideidae with crenulate merodont higement 
include the following genera or subgenera (=Subfamily Cytherideinae Sars 
1925 "Se Stine 


Cytheridea BosQuET 1852. Type species: Cythere mulleri MUNSTER 1830. 

Cyprideis JONES 1857. Type species: Candona forosa JONES 1850. 

Haplocytheridea STEPHENSON 1936. Type species: Cytheridea montogomeryensis 
Howe and CHAMBERS 1935. 

Clithrocytheridea STEPHENSON 1936. Type species: Cytheridea? garretti HowE 
and CHAMBERS 1935. 

Leptocytheridea STEPHENSON 1937. (=Haplocytheridea STEPHENSON 1936, by STE- 
PHENSON 1941). 

Anomocytheridea STEPHENSON 1938. (=Cyprideis JONES 1857, by Pokorny 1952). 

? Perissocytheridea STEPHENSON 1938. Type species: Cytheridea? matsoni STEPHEN- 
son 1933. 

Phractocytheridea SuTToN and Wriitams 1939. (=Haplocytheridea STEPHENSON 
1936, by STEPHENSON 1941). 

Ilyocythere KiieE 1939. Type species: Ilyocythere gibba Kriz 1939. The genus is 
very close to Perisocytheridea STEPHENSON 1938 (oral communication from 
Howe 1956). 

Heterocyprideis ELorson 1941. Type species: Cythere (Cytheridea) sorbyana JONES 
1857. 

Eucytheridea BRONSTEIN 1930. 

Cyamocytheridea OERTLI 1956. Type species: Bairdia punctatella BosQuET 1852. 

Goerichia Kety 1957. Type species: Cytheridea williamsoniana BoSQUET 1852. 


Hingement of the following genera or subgenera is not crenulate mero- 
dont. However, the other characters are close to those of subfamily Cytheri- 
deinae of strict sense. 


Cuneocythere LIENENKLAUS 1894. Type species: Cuneocythere truncata LI1ENENKL AUS 
1894. 

Monsmirabilia ApostoLtescu 1955. Type species: Monsmirabilia subovata Apo- 
STOLESCU 1955. 

Mediocytherideis MANDELSTAM 1956. Type species: Cytherideis apatoica SCHWEYER 
1949. 


The following Cenozoic and Recent genera or subgenera have desmodont 
hingement (=Subfamily Neocytherideidinae Purr 1957). 


Cytherissa Sars 1925. Type species: Cythere lucustris Sars 1863. Classificatory 
position of this genus is uncertain. 

Puracyprideis Kiie 1929. Type species: Cytheridea fennica HirsHMANN 1909. 

Cushmanidea BLAKE 1933. Type species: Cytheridea seminuda CUSHMAN 1906. 

Copytus SKOGSBERG 1939. Type species: Copytus caligula SKOGSBERG 1939, 
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Alexanderella SCHWEYER 1939. (=Cytherissa Sars 1925, by BRONSTEIN 1939). 

Pontocythere DuBovsky 1939. (=Cushmanidea BLAKE 1933). 

Aulocytheridea Howe 1951. Type species: Aulocytheridea margodentata Hower 1951. 
The species described from Belgium by Kety (1957) have crenulated hinge- 
ment close to that of Clithrocytheridea. 

Sahnia Purt 1952. (=Neocytherideis Puri 1952, by SYLvESTER-BRADLEY and Harp- 
ING 1953). 

Neocytherideis Purt 1952. Type species: Neocytherideis elongatus Purt 1952= 
Cytherideis subulata var. fasciata Brapy and RoBERTSON 1874, by SyLVESTER- 
BRADLEY and HArpInG 1953. 

Hemicytherideis RuGcrert 1952. (=Cytherideis Jones 1856, by Puri 1952; very 
close to Cushmanidea BLAKE 1933 and Pontocythere DuBovsKy 1939, by Howe 
1955 ; = Pontocythere DuBovsKky 1939, by OrrRTLt 1956). 


The following Cenozoic and Recent genera have pseudadont hingement 
(=Subfamily Neocytherideidinae Purr 1957): 


Krithe BRADY, CrosskEy and RoBERTSON 1874. Type species: MIlyobates praetexta 
SARS 1865 (1866) =Cytherideis bartonensis JONES 1857, by Brapy 1868. 

Neocyprideis HaNat, n. gen. Type species: Neocyprideis pseudadonta HANAI, n. 
sp. 


The following Recent genus has been assigned to subfamily Cytherideinae 
of Sars by some authors. However, its relationships are, at present, of uncer- 
tain status (=Subfamily Eucytherinae) : 

Eucythere BRApy 1868. Type species: Cythere declivis NORMAN 1865. Some of 
the European and North American species of this genus have non-crenulate 
hingement. However, some species from Europe and New Zealand apparently 
have crenulated hingement (Key 1955, HorniBRooxk 1952). Puri (1953) pro- 
posed a new subfamily Eucytherinae based on this genus. Euwucythere is dif- 
ferent in the nature of the marginal area from the other desmodont, pseu- 
dadont or meordont Cytherideidae. 


The following Cenozoic and Recent genera assigned to or compared with 
cytherideid Ostracoda. However, their present taxonomic position is different 
from the original assignment. 


Paracytheridea G.W. MULver 1894. Type species: Paracytheridea depressa G. W. 
MULLER 1894=Cytheropteron bovettensis SEGUENZA 1880.—Paracytherideinae Purr 
1957. 

Campylocythere EpwArps 1944. Type species: Campylocythere laeva EDwarps 1944. 

Favella CorveLt and Fievps 1937. (=Puriana Coryevy and Fietps 1953, in Purr 
1953)—Trachyleberidae SyLVESTER-BRADLEY 1948. 

Navecythere CorveLv and Freips 1937. (=Cativella CORYELL and Freips 1937, by 
Howe 1955)—Trachyleberidae SyLvEsTER-BRADLEY 1948. 


The ancestry of the family Cytherideidae is uncertain. Desmodont hinge- 
ment may be traceable back to Paleozoic Quasillitacea. Besides many Tertiary 
genera which range back into the Cretaceous, Dolocytheridea Trrrser 1938, 
Ovocytheridea Grexorr 1951, Asciocythere Swain 1952, Schuleridea Swartz and 
Swain 1946 (Aequacytheridea Manpverstam 1947=Schuleridea by Oxrrttr 1956), 
Paleocytheridea Manvetstam 1947 and Apatocythere Trieser 1940 are Mesozoic 
Cytherideidae with Cretaceous or Jurassic type horizons. The ancestry of the 
subfamily Cytherideinae appear to include the Permian Basslerella Krvvetr 
1935. Because most of the Mesozoic ancestral forms of the various Cythera- 
cean groups have either merodont or entomodont type hingement, the classifi- 
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cation of the Cytherideidae based on hingement becomes less effective in 
these older forms. Habrocythere Trieser 1940, Paraschuleridea Swarrz and 
Swain 1946, Klieana Martin 1940 and Procytheridea Perrrson 1954 have beed 
assigned to the family Cytherideidae by some authors, but their true relation- 
ships are uncertain at present. 


Types 


All types are deposited in the collection of the Institute of Geology, 
Faculty of Science, University of Tokyo. Duplicate paratypes are also deposi- 
ted in the H. V. Howe collection, Department of Geology, Louisiana State Uni- 
versity, Baton Rouge, Louisiana, U.S. A. 


Systematic description 
Family Cytherideidae G.O. Sars 
Subfamily Neocytherideidinae Purr, 1957 
Genus Cushmanidea Brake 1933 


Cytherideis JONES auct. (non. Cythere (Cytherideis) JONES, 1856, p. 157; JoNEs, 1857, 
p. 46; part. Cytherideis Brapy, 1866, p. 366; Brapy, 1868, Int. Obs., p. 125; 
Brapy, 1868, Mon., p. 454; Brapy, 1878, p. 405; Brapy, 1880, p. 146; Brapy, 
and ROBERTSON, 1872, pp. 58, 59; Brapy, Crosskry and ROBERTSON, 1874, p. 
210; Reuss, 1874, p. 149; Brapy and NorMaAn, 1889, p. 226; G. W. MULLER, 
1894, p. 380; G.W. Muxuer, 1912, p. 367; LizNENKLAUsS, 1894, pp. 254, 255: 
LIENENKLAUS, 1900. p. 535; LIENENKLAUS, 1905, p. 49; CUSHMAN, 1906, pp. 381; 
NEVIANTI, 1928, p. 108; VAN VEEN, 1936, p. 37; Kix, 1938, Tierwelt, pp. 183, 184; 
Epwarps, 1944, p. 514; SyLvESTER-BRADLEY, 1946, pp. 196-198; VAN DEN Bo tp, 
1946, p. 27; Purt, 1952, p. 906; Puri, 1953, pp. 285, 286.) 

1933 Cushmanidea BLAKE, pp. 232, 233. 

1939 Pontocythere DuBovsky, pp. 25-29. 

1946 Cushmanidea, VAN DEN BOLD, p. 25. 

1952 Hemicytherideis RUGGIERI, pp. 60, 62. 

1956 Pontocythere, OERTLI, p. 56. 

1957 Hemicytherideis, Ketj, p. 80. 

1957 Cushmanidea, MCLEAN, p. 77. 


Type species: Cytheridea seminuda Cusuman 1908. 

Diagnosis: Carapace rather tumid and elongate. Surface smooth, punctate 
or with faint reticulations or undulations which tend to parallel the margins. 
Hinge desmodont with long anterior and median elements. Marginal area of 
moderate width and radial pore canals few to moderate in number. Vestibule 
present. Adductor muscle scars a vertical row of four scars with one or 
more additional scars, one of which is large and often heart-shaped. 

Remarks: Ruccrert (1952) proposed the genus Hemicytherideis based on 
Cytheridea elongata Brapy. At the same time he also illustrated Cytherideis 
aff. foveolata Brapy. His Cytherideis is different from his Hemicytherideis in 
that the former has strong overlap along the vental margin. Purr (1952) 
placed Rucareri’s Hemicytherideis in the synonymy of his concept of Cytherideis. 
He also described the new genera Sahnia and Neocytherideis, both of which. are 
very close to Rucererr’s Cytherideis. Thus the conclusion can be drawn that 
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the Rucerert’s Hemicytherideis, which is regarded by Orrrit (1956) a synonym 
of Pontocythere Dusovsxy 1939, is also synonymous with Puri’s Cytherideis and 
is very close and perhaps synonymous to Cushmanidea Buaxr, while Puri’s 
Neocytherideis is very close to Rucererr’s Cytherideis and may perhaps be a 
distinct genus. 


Cushmanidea kashiwarensis Hana, n. sp. 
Pl. XVII, figs. 1-4. 


Description: Carapace elongate, inflate, highest at a little anterior to the 
middle. Anterior margin obliquely rounded, dorsal margin very gently arched, 
ventral margin sinuated at its middle, posterior margin gently arched sloping 
steeply to the acutely rounded posteroventral angle. 

Surface ornamented by rather coarse reticulations which tend to parallel 
the margins. Left valve larger, overlapping the right along the anterodorsal 
margin. Hinge desmodont and typical of the genus. Characters of the margi- 
nal area and the adductor muscle scars are also typical of the genus. 

Viewed dorsally, carapace elongate ovate, sides taper anteriorly. Anterior 
small incision are formed by anterior lip-like projection along the anterior 
margin of the both valves. Posterior incision becomes obscure. Viewed pos- 
teriorly, carapace nearly rounded. 

Sexual dimorphism strongly appears in outline rather than the ornamenta- 
tion or other shell structures. Female forms are elongated and cylindrical. 

Remarks: The general outline of this species is close to that of Cythere 
fabacea Bravy from Ceylon. It is possible that they are conspecific. However, 
the surface reticulations which tend to parallel the margins of this species 
are quite different from those of Cythere fabacea as illustrated by Brapy. 

Dimensions: Holotype (male complete carapace) length 0.62mm., height 
0.28 mm., thickness 0.28mm.; allotype (female complete carapace) length 0.65 
mm., height 0.28mm., thickness 0.26mm.; paratype (male complete carapace) 
length 0.59mm., height 0.27mm., thickness 0.27mm.; (female complete 
carapace) length 0.66mm., height 0.28 mm., thickness 0.25 mm. 

Occurrence: Holotype and allotype specimens are obtained from beach 
sand from the shore of iCashiwara about 200m. S. E. of Dozanto, near Yamaga, 
Ashiya-machi, Onga-gun, Fukuoka Pref. Paratypes are obtained from the 
beach sand from shore about 1km. N.E. of Akase railroad station, near Hira- 
iwa, Auda-mura, Uto-gun, Kumamoto Pref. 


Cushmanidea japonica Hanat, N. sp. 


Pl XVI, tes: 13. 


Description: Carapace very elongate and tumid, highest at the middle. 
Anterior margin obliquely and rather acutely rounded, dorsal margin arched, 
vental margin nearly straight, posterior contact margin rather truncated and 
has conspicuous bifurcated posterior projection in each valve. The postero- 
dorsal surface of the carapace close to the margin, swell up to make shoulder- 
like projection. Left valve larger and overlapping the right along the ventral 


margin, 
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Viewed dorsally, sides parallel, tapers more acutely to the anterior than 
the posterior. Anterior lip-like projection along the anterior margin makes 
anterior small incision in dorsal view. Posterior end has characteristic incision 
owing to the conspicuous posterior projections. 

Surface rather smooth, except the anterior to ventral surface where very 
faint undulations tend to parallel the margins. 

Marginal area rather broad along the anterior margin, extremely narrow 
along the ventral and posterior margins. Vestibule well developed and deep. 
Radial pore canals straight, not numerous and open to the edge of the lip-like 
projection along the anterior margin. Normal pore canals few and scattered. 

Hinge desmodont of Cushmanidea type. In the left valve hingement, an- 
terior groove long and slightly curved, along which the flange projects to 
overlap the right valve. Median ridge long and straight. Posterior groove 
small and open interiorly. Right valve hingement is complementary of the 
left valve hingement. Median groove has no distinct inner wall. 

Adductor muscle scars consist of slightly oblique row of four with two 
others infront. Top one of the four is very small and obscure. Top one of 
the two is large and heart-shaped. 

Viewed posteriorly, carapace nearly rounded in outline with a small hole 
surrounded by the posterior projections of the both valves. 

Sexual dimorphism visible. Female is more inflated in the posterior half 
of the carapace. 

Dimensions: Holotype (female complete carapace) length 0.81 mm., height 
0.33mm., thickness 0.33mm.; allotype (male complete carapace) length 0.81 
mm., height 0.28 mm., thickness 0.28 mm.; paratype (female complete carapace) 
length 0.77 mm., height 0.32 mm., thickness 0.31 mm. 

Remarks: "Extremely elongated outline and prominent caudal projections 
of the carapace are distinguishing characteristics of this species. 

Occurrence: All type specimens were obtained from the Recent beach 
sand along the shore in front of the Imperial Villa at Hayama-machi, Kana- 
gawa Prefecture, where they are abundant. 


Cushmanidea subjaponica Hanat, n. Sp. 


Pl. XVI, figs. 4-6. 


Description: Carapace moderately elongate and inflated. Lateral outline 
of the carapace similar to that of C. japonica except posterior margin where 
the poseterior projection is prominent but not bifurcated. Postero-dorsal surface 
of the carapace does not bear any prominent swellings. Surface smooth with 
very faint ornamentations which have similar tendency to those of japonica. 
Hinge desmodont of Cushmanidea type. Adductor muscle scars and the cha- 
racter of the marginal area are the same as those of japonica. Sexual demor- 
phism present. Female is more inflated in its posterior area. 

Dimensions: Holotype (male complete carapace) length 0.71 mm., height 
0.29mm., thickness 0.27mm.; allotype (female complete carapace) length 0.68 
mm., height 0.30mm., thickness 0.29mm.; paratype (male complete carapace) 
length 0.69 mm., height 0.26mm., thickness 0.26mm.; paratype (female comple- 
te carapace) length 0.68mm., height 0.29mm., thickness 0.28 mm. 

Remarks: This species has some resemblance to the male form of Hemicy- 
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therideis elongata (Brapy) illustrated by Rucerrri (1952). However, the pos- 
terior projections are stronger in this species than in H. elongata. The dif- 
ference between this species and C. japonica is mentioned in detail in the 
above description. 

Occurrence: This species occurs abundantly in the beach sand at the shore 
in front of the Imperial Villa at Hayama-machi, Kanagawa Prefecture. 


Cushmanidea miurensis Hana, n. sp. 
Pl. XVI, figs. 7-10; text-figs. la, b. 


Description: Carapace moderately elongate and very inflated toward pos- 
terior. Thickest at the posterior three-fourths of the carapace length. 
Highest at about the middle. Anterior margin obliquely rounded, ventral 
margin sinuated at the middle. The hinge margin straight, obscured in the 
gently arched dorsal outline owing to the inflation of the carapace. Posterior 
contact margin arched, sloping steeply to the rounded postero-ventral angle. 
Lower half of the posterior contact margin is obscured by the blunt posterior 
projection. 

Surface smooth with scattered punctations. Extremely faint undulations 
tend to parallel the anterior and ventral margins. 

Hinge desmodont of Cushmanidea type. Nature of the adductor muscle 
scars and marginal duplicature are the same as those of japonica. 

Sexual dimorphism strong. Viewed dorsally, female form is short in 
length and more inflate posteriorly than the male. 

Dimensions: Holotype (male complete carapace) length 0.73mm., height 
0.30mm., thickness 0.30mm.; allotype (female complete carapace) length 0.74 
mm., height 0.33 mm., thickness 0.35mm.; paratype (male complete carapace) 
length 0.74mm., height 0.31 mm., thickness 0.31.; paratype (female complete 
carapace) length 0.68mm., height 0.32mm., thickness 0.34mm.; paratype 
(female complete carapace) length 0.67mm., height 0.32mm., thickness 0.31mm. 

Remarks: This species is not close to Xestoleberis sulcata described by 
Brapy (1886) from Ceylon, in that it has a more elongated lateral outline and 
a posterior incision in dorsal view. However, it is closely related to an 
Ostracod from the Philippins described by Kry as one of his Cytherideis sulcata 
(Brapy) (Kry 1954, p. 354, pl. 1, fig. 12). The difference between the two is 
found in the degree of the inclination of hingement. 

Occurrence: This species is common in the beach sand from the shore in 
front of the Imperial Villa at Hayama-machi, Kanagawa Prefecture. 


Genus Neocyprideis Hanat, n. gen. 


Type species: Neocyprideis pseudadonta Hanat, n. sp. 

Diagnosis: Carapace as in the one of Krithe in lateral view, but rather 
thin and lacks posterior incision in dorsal view. The marginal area is broad. 
Line of concresence close to and parallel to the anterior contact margin except 
at the antero-ventral corner where it is suddenly close to the inner margin. 
Radial pore canals moderate in number and bifurcated. Adductor muscle 
scars similar to those of Paracyprideis. 

_ Remarks: In general outline, pseudadont hingement and broad marginal 
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area, this genus is closely related to the genus Krithe. The characteristic 
shape of the line of concrescence and lack of posterior incision in dorsal view 
makes it appear very likely that the genus is close to Paracyprideis. It differs 
from Paracyprideis in that it has bifurcate radial pore canals and pseudadont 
hingement. 


Neocyprideis pseudadonta Hanat, 0. Sp. 


Pl. XVII, figs. 5-9; text-figs. 2a, b. 


Description: Carapace elongated, tumid and pellucid, highest a little 
posterior to the middle. Anterior contact margin obliquely rounded. Dorsal 
margin gently arched, ventral margin sinuated at a little anterior to the 
middle. Posterior end rather steeply sloping to the narrowly rounded pos- 
teroventral angle. Left valve larger and overlaping the right along the 
dorsal and ventral margins. Surface smooth and polished with large and 
scattered openings of the normal pore canals. 

Viewed dorsally, carapace appears to be oblong ovate, tapering acutely 
to the anterior end and rather gently to the posterior. 

Marginal area broad along the anterior margin; very narrow along the 
ventral and posterior margins. Line of concrescence runs close to and paral- 
lel to the anterior contact margin except at the antero-ventral angle where 
it is suddenly close to the inner margin. Inner margin is not parallel to the 
outer margin but nearly straight in its middle. Radial pore canals are bifur- 
cated and not numerous. 

Hinge pseudadont, the groove of the left valve has a faint crenulation 
in its posterior one-third. Flange projected slightly at the anterior and pos- 
terior parts of the hinge margin. In the right valve, the hinge margin is 
indented in its middle. 

Adductor muscle scars consist of four posterior scars in vertical row, two 
anterior scars and more than two small scars above the posterior scars. Eye 
spot obscure. 

Sexual dimorphism strong, female being more tumid. 

Dimensions: Holotype (female complete carapace) length 0.66mm., height 
0.32mm., thickness 0.28mm.: allotype (male complete carapace) length 0.66mm., 
height 0.28 mm., thickness 0.24 mm.: paratype (young instar complete carapace) 
length 0.57 mm., height 0.26mm., thickness 0.22 mm.: paratype (female comple 
carapace) length 0.68 mm., height 0.32 mm., thickness 0.29 mm.; paratype (female 
complete carapace) length 0.70 mm., height 0.33 mm., thickness 0.29 mm. 

Remarks: Cytheridea orientalis Brapvy from Cryzton is close to but, in 
detail, different from this species in its lateral outline and its surface orna- 
mentation. 

Occurrence: All type specimens were obtained from the Recent beach 
sand along the shore in front of the Imperial Villa at Hayama-machi, Kanaga- 
wa Prefecture, where they are abundant. This species occurs abundantly in 
Plio-Pleistocene (?) marl from Ishigaki Is., Okinawa. 


Genus Krithe Brapy, Crosskey and Ropertrson 1874 


1865 (1866) Ziyobates G.O. Sars, pp. 59, 60. 
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1868 — Brapy, Int. Obs., pp. 122, 123. 
1868 Brapy, Mon., p. 431. 

1874 Krithe BARpy, CRossKEY and RoBErtTson, pp. 183, 184. 
1880 — Brapy, p. 133. 

1885 — TERQUEM, p. 20. 

1889 — Brapy and Norman, p. 179. 
1894 — LIENENKLAUS, p. 251. 

1894 —— G.W. MULLER, p. 357. 

1900 — LIENENKLAUS, p. 531. 

1912 — G.W. MULLER, p. 334. 

1925 — Sars, pp. 164, 165. 

1929 —— ALEXANDER, p. 65. 

1934 — ALEXANDER, p. 229. . 

1940 — BonneEMA, p. 116. 

1941 — TRESSLER, p. 99. 

1946 — VAN DEN BOLD, p. 25. 

1946 — SYLVESTER-BRADLEY, p. 196. 
1957 — Key, p. 85. 


Type species: Ilyobates praetexta Sars 1865 (1866) (=Cythere (Cytherideis) 
bartonensis Jones 1857) 

Diagnosis: Carapace rather tumid. Dorsal and ventral margins nearly 
parallel, anterior rounded, posterior obliquely truncated. In dorsal view the 
posterior incised. Surface smooth. Marginal area very broad with deep 
vestibule. Radial pore canals few. Hinge pseudadont. Muscle scars a 
vertical row of four with two in front, the upper of which is heart-shaped. 


Krithe sawanensis Hana, n. Sp. 
Pl. XVIII, figs. 3-7; text-figs. 3, 4. 


Description: Carapace large, sub-cylindrical or pellucid. Anterior contact 
margin rounded. Dorsal and ventral margins nearly straight and sub-parallel. 
Posterior margin curves gently into the dorsal margin, but it meets ventral 
margin making almost a right angle. 

Surface smooth and polished, having large and widely spaced normal pore 
canals. Viewed dorsally, oblong ovate in outline, the sides taper acutely to 
the anterior end and rather gently to the posterior end which possesses a 
trough-like depression. This is due to the posterior rim-like projection of the 
posterior surface beyond and obscuring the contact margin. 

Marginal area extremely broad along the anterior margin, rather narrow 
along the ventral and very narrow along the posterior margin. Vestibule 
well developed along the anterior margin, especially deep along the lower 
half of the margin. Radial pore canals nearly straight and widely spaced and 
rare along the ventral margin. Pseudo-radial pore canals also well developed. 

Hinge pseudadont, dorsal hinge margin of the right valve being grooved 
to receive the edge of the left valve. The groove is rather deep in anterior 
half and posterior one-fourth of the hinge margin where the inner edge of 
the groove is also rather high. The hingement has extremely faint crenula- 
tion along its posterior one-fourth. Outer edge of the groove projects slightly 
at the antero-cardinal angle. The groove-edge-structure is also observable 
along the posterior margin. The left valve hingement is complementary of 
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Text-figures 1-4. Internal views of the cytherideid carapaces. 
a. left valve; b. right valve. 

Figs. la, b. Cushmanidea miurensis HANAI, n. sp., male (CA 2898). 

Figs. 2a, b. Neocyprideis pseudadonta Hana, n. sp., female (CA 2901). 

Figs. 3a, b. Krithe sawanensis HANAI, n. sp., young instar, a, (CA 2911), 
b, (CA 2912). 

Figs. 4a, b. Krithe sawanensis HANA, n. sp., male, a, (CA 2098), b, (CA 
2910). 


the character of groove of the right valve. 

Adductor muscle scars consist of four posterior scars in vertical row and 
one heart-shaped anterior scar. Eye spot obscure. 

Sexual dimorphism strong, the male being much more elongated. 

Young insters: Shape similar to the adult. Marginal area very narrow. 
Vestibule develops along the entire anterior margin and posteroventral corner. 
Line of concrescence runs parallel to the anterior margin. Hinge three folded 
and is desmodont rather than pseudadont. In the right valve, anterior and 
posterior elements are grooved, whereas the median element raised between 
the two grooves as a narrow bar. 

Dimensions: Holotype (male left valve) length 1.16mm., height 0.51 mm., 
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thickness 0.25mm.; allotype (female right valve) length 1.14mm., height 0.60 
mm., thickness 0.28mm.; paratype (male right valve) length 1.20mm., height 
0.56mm., thickness 0.28mm.; paratype (young molt left valve) length 0.81mm., 
height 0.46 mm., thickness 0.20mm.; paratype (young molt right valve) length 
0.81 mm., height 0.48 mm., thickness 0.23 mm. 

Remarks: This species is quite different from other species of Kvrithe in 
having reversed hingement. 

Occurrence: All type specimens are obtained from the Sawane formation 
(upper Pliocene) from a cliff at Mano Bay, Sawane-machi, Sado-gun, Niigata 
Prefecture, where they are common. 


Krithe aff. bartonensis (Jones) 1857 


PLE OSV EEN Wessal oo. 


Cythere (Cytherideis) Bartonensis JONES, 1856 (1857), Pal. Soc. London, p. 50, pl. 5, 
figs. 2, 3. 

Ilyobates praetexta G.O. Sars, 1865 (1866), Forh. Selsk., p. 60; Norman, 1867, 
Rept. 36th Meeting Brit. Assoc. Ady. Sci. 1866, pp. 198, 206; Brapy, 1867, Rept. 
36th Meeting Brit. Assoc. Adv. Sci. 1866, p. 208. 

Ilyobates Bartonensis BRAvDy, 1868, Trans. Linn. Soc. London, vol. 26, p. 432, pl. 34, 
figs. 11-14, pl. 40, fig. 5; NormMAn, 1869, Rept. 38th Meeting Brit. Assoc. Adv. 
Sci. 1868, p. 292; Brapy, 1875, Les Fonds de la Mer, vol. 2, pt. 1, p. 11; Fisuer, 
1876, Actes Soc. Linn. Bordeaux, tome 31; BrocGer, 1901, Norges geol. unders., 
VOUS15) Pp» 2c: : 

Krithe bartonensis BRADY, CROSSKEY and ROBERTSON, 1874, Mon. Pal. Soc. London, 
p. 184, pl. 2, figs. 22-26; RoBerrson, 1875, Trans. Geol. Soc. Glasgow; BrRapy 
and ROBERTSON, 1876, Rept. 45th Meeting Brit. Assoc. Adv. Sci. 1875, p. 187; 
Brapy, 1880, Rept. Voy. Challenger, Zoology, vol. 1, part 3, p. 113, pl. 27, 
figs. 2a-d; MatcoL_mson, 1885, Proc. Roy. Irish Acad., ser. 2, vol. 4, p. 634; 
Brapy and Norman, 1889, Sci. Trans. Roy. Dublin Soc., ser. 2, vol. 4, p. 179; 
G.O. Sars, 1890, Oversigt af Norges Crustacea, II,; G.O. Sars, 1925, An Ac- 
count of the Crustacea of Norway, vol. 9, p. 165, pl. 76; Norman, 1891, Ann. 
Mag. Nat. Hist., ser. 6, vol. 7, p. 114; NormMAn, 1902, ibid., ser. 7, vol. 10, p. 484; 
NorMAN, 1905, Irish Nat., vol. 14, p. 148; Brapy, 1903, Trans. Nat. Hist. Soc. 

e Northumberland, vol. 14, p. 99; Scorr, 1906, Proc. Roy. Phys. Soc. Edinburgh, 
vol. 16, p. 285; OSTENFELD and WESENBERG-LUND, 1909, Counceil permint. explor. 
mar. Publ. circonstance, 48; NorMAN and Brapy, 1909, Trans. Nat. Hist. Soc. 
Northumberland, n.s. 3, pt. 2, p. 104; G.W. Murer, 1912, Das Tierreich, Lief. 
31, p. 335; G. W. MUrLer, 1931, Fauna Arctica, Bd: 6, pt. 1,-p. 295. Krier, 1929; 
Tierwelt der Nord u. Ostsee, Lief. 16, p. 18; SreEPHENSON, 1938, Zool. Iceland, 
vol. 3, pt. 32, p. 5; RuGererr, 1952, Note del Lab. di Biol., Marina di Fano, 
vol. 1, no. 8, p. 62; Kerry, 1957, Mem. Inst. Roy. Sci. Nat. Belgique, no. 136, 
p. 85; (non) Eccer, 1901, Abh. Bayer Ak., vol. 21, p. 450, pl. 4, figs. 13, 14. 


Remarks: This species was described by Jones from the Barton Clay, 
upper Eocene, of England as Cythere (Cytherideis) Bartonensis Jones. In 1868, 
Brady considered this synonymous with a recent species Ilyobates praetexta 
G. O. Sars, which is the type species of the genus Avithe. In spite of the con- 
siderable difference in type horizon of these species, this view has been ac- 
cepted by all later workers including G. O. Sars (1925). The Japanese species 
is very close in lateral and dorsal outlines to a Recent specimen described 
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and illustrated by G.O. Sars (1925). However, the vestibule of Japanese speci- 
mens are smaller than those of North European specimens. The question of 
the synonymy of K. bartonensis and I. praetexta is one which requires further 
study. 

Occurrence: This species occurs commonly in the Sawane formation 
(upper Pliocene) from a cliff at Mano Bay, Sawane machi, Sado-gun, Niigata 
Prefecture. 


Conclusions 


Ontogenetic development and morphology of the hinge structure in Krithe 
and Neocyprideis suggest that pseudadont (new name) hingement sometimes 
develops in the last molt stage by modification of the desmodont hingement 
in earlier molts. Thus, cytherideid Ostracoda having pseudadont hingement 
of Krithe type and desmodont hingement of Cushmanidea type can be classified 
in one group. 
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Plate XVI 


Figs. 1-3. 


Figs. 4-6. 


Figs. 7-10. 


Explanation of Plate XVI 
All figures x 57 


Cushmanidea japonica HANAI, n. sp. 

la, b. Right lateral and dorsal views of male carapace. Allotype 
(CA 2890). 

2a, b. Right lateral and dorsal views of female carapace. Holotype 
(CA 2889). 

3a-d. Lateral and interior views of left and right valves. Para- 
type (CA 2891). 

Cushmanidea subjaponica HANAI, n. sp. 

4a, b. Left lateral and dorsal views of male carapace. Holotype 
(CA 2892). 

5a, b. Right lateral and dorsal views of female carapace. Allotype 
(CA 2893). 

6a-d. Lateral and interior views of left and right valves. Para- 
type (CA 2895). 

Cushmanidea miurensis HANAI, Nn. sp. 

7a-d. Lateral and interior views of left and right valves. Para- 
type (CA 2898). 

8a, b. Left lateral and dorsal views of male carapace. Holotype 
(CA 2896). 

9a, b. Left lateral and dorsal views of female carapace. Allotype 
(CA 2897). 

10a, b. Lateral views of left and right valves. Paratype (CA 2899). 


Jour. Fac. Sci., Univ. Tokyo, Sec. Il; Vel. XE, Pt. 3, Pl. XVI. 
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Plate XVII 


Explanation of Plate XVII 


All figures x 57 


Figs. 1-4. Cushmanidea kashiwarensis HANAI, n. sp. 


Figs. 5-9. 


la, b. Left and right lateral views of male carapace. Papatype 
(CA 2887), 

2a, b. Left and right lateral views of female carapace. Holotype 
(CA 2885). 

3. Right lateral view of male carapace. Allotype (CA 2886). 

4. Right lateral view of femal carapace. Paratype (CA 2888). 
Neocyprideis pseudadonta HANAT, n. sp. 

5a-d. Lateral and interior views of left and right valves. Holo- 
type (CA 2901). 

6a, b. Left and right lateral views of female complete carapace. 
Paratype (CA 2904). 

7a, b. Left lateral and dorsal views of male complete carapace. 
Allotype (CA 2902). 

8a-d. Lateral and interior views of left and right valves in young 
instar. Paratype (CA 2903). 

9. External view of adductor muscle scar area of carapace. Para- 
type (CA 2901). 


Fac. Sci., Univ. Tokyo, Sec. II; Vol. wort 3, PEAXVuL 
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Plate XVIII 


Explanation of Plate XVIII 


All figures x 57 


Figs. 1, 2. Krithe aff. bartonensis (JONES) 


Figs. 3-7. 


la, b. Lateral and interior views of right valve. (CA 2906). 

2a, b. Lateral and interior views of left valve. (CA 2907). 

Krithe sawanensis HANAT, n. sp. 

3a, b. Lateral and interior views of right valve in young instar. 
Paratype (CA 2912). ; 

4a, b. Lateral and interior views of left valve in young instar. 
Paratype (CA 2911). 

5a, b. Lateral and interior views of female right valve. Allotype 
(CA 2909). 

6a, b. Lateral and interior views of male right valve. Paratype 
(CA 2910). 

7a, b. Lateral and interior views of male left valve. Holotype 
(CA 2908). 
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MINE, EHIME PREFECTURE, JAPAN 


By 


Keiichiro KANEHIRA 


° 


With 2 Plates 


Abstract 


Several cupriferous pyrite deposits are found concordantly in the Sambagawa 
crystalline schists of the Chihara district. The deposits which are now worked in 
the Chihara mine consist of two rod-like bodies. Each of them is about 2mx10m in 
the section perpendendicular to the elongation and extends more than 500m along 
the lineation. The elongation of the ore-bodies coincides with the lineation of the 
schists. Petrofabric analyses indicate that the prevailing schists are B-tectonites 
and the direction of the lineation coincides with the B-axis. Thus, the extending 
direction of the ore-bodies coincides with the B-axis. The fabrics of ores are in 
harmony with those of schists. Pyrite crystals are elongated parallel to the linea- 
tion, the twinning planes of sphalerite show a preferred orientation, and chalcopyrite- 
rich ore shows a feature of “ pressure-shadow”. The genesis of the ore deposits is 
still open to question because the original textures of ores formed at the time of 
ore-deposition are obliterated owing to metamorphism. However, it is not considered 
that the ore deposits were formed after the metamorphism and deformation of the 
country rocks had ceased completely. Most of the present features of the ore deposits 
were probably formed in the syntectonic stage. 
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I. Introduction 


Many bedded cupriferous iron sulphide deposits (“ Kies/ager”) occur in the 
orogenic zones of the world. The genesis of the deposits of this kind is a 
subject of discussion among many mining geologists. 

A.W. Sretzner and A. Bercear (1906) and others considered that such 
deposits belonged to the sedimentary ones. On the other hand, W. Linpcren 
and J.D. Irvine (1911), A.M. Bareman (1927), W. Bornnarpr (1939), T. Kato 
(1937) and A.N. Zavaritsxy (1950) claimed the hydrothermal replacement 
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origin of these deposits. Recently H. ScuneiperHouN (1949), P. Rampour 
(1953a), H. Krause (1956) and other European geologists asserted the sedimen- 
tary origin related to submarine volcanism (“submarine exhalativsedimentare 
Lagerstdtte’’). 

The deposits grouped into “Kieslager” are not always referred to the 
same origin. As stated by some authors it is evident that many deposits of 
this kind suffered metamorphism during or after their formation. The pri- 
mary features of deposits have been obliterated by metamorphism, and the meta- 
morphic features have been reconstructed. Therfore it is possible that even 
the deposits of quite different origins show similar features (“ Konvergenzer- 
scheinung”—H. Scuneiperuoun (1953)). Consequently the genetical discussion 
is often thrown into confusion. 

In this paper, the writer intends to describe the natures, especially the 
petrofabric features of the cupriferous pyrite deposits of the Chihara mine 
and to discuss their genesis. 

The Chihara mine 

The Chihara mine is situated at about 20km E of Matsuyama City in the 
northwestern district of Shikoku island, approximately at longitude E 132°58’, 
latitude N 33°49’ (Fig. 1). The 
office of the mine is located at 
Chihara of Nakagawa-mura, Shuso- 
gun, Ehime Prefecture. 

The ore deposits of this mine 
were discovered about one hundred 
years ago, but the amount of the 
ore produced up to this time is 
rather small. 

In 1955, the mine produced 
about 6000 tons of ore averaging 
1.5 percent copper and 37 percent 
sulphur. 
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Fig. 1. Index map. 


II. Geology of the Chihara district 


The Chihara district is divided into two parts by faults, the one is oc- 
cupied by the Sambagawa crystalline schists and the other Izumi sandstone 
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Fig. 2. Geologic map of the Chihara district. 
1—Tertiary andesites, 2—Izumi sandstone group, 3—Black schist, 4—Green 
schist, 5—Quartz schist, 6—Fault, 7—Strike-dip, lineation. 
NR—Nakayama river, OY—Omogi-yama (988.8m), S—Sembagadake (402 m), 
YG—Yuyaguchi, AT—Ainotani, OD—Ochide, C—Chihara mine. 


group. Andesites are intruded along the boundary faults and also into the 
schists and the Izumi sandstone group near the faults. The deposits of the 
Chihara mine lie in a member of the Sambagawa crystalline schists. 


(a) Sambagawa crystalline schists 
The crystalline schist formation of the Chihara district is composed mainly 


of green schist, black schist, and quartz schist. 
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The succession of this formation near the Chihara mine is as follows in 


descending order: 


Black schist member: over 200m thick. 
Green schist member: about 700m thick, intercalated with a few beds of quartz 


schist. 
Black schist member: over 300m thick, intercalated with several thin beds of 
green schist. 
The green schist member of this formation which belongs to that of the 
Sambagawa metamorphic zone has been correlated with the main green schist 
member of the Minawa formation* by G. Kojima, K. Hinz, and G. Yosuino 
(1956). 

Green schist 

Green schist shows a variety in colour, texture, and mineral composition; 
pale green schist is distinguished from dark green schist, and some green 
schists are remarkably schistose and the others are relatively massive. 

Green schist consists mainly of albite, epidote, chlorite, actinolite, quartz, 
calcite, and hematite. Glaucophane is one of the common constituent minerals 
in some dark coloured green schists. Muscovite is also common. Apatite, 
sphene and rutile occur as accessory minerals. Opaque minerals contained in 
green schist are usually hematite, but pyrite, chalcopyrite, and magnetite are 
not rare. Stilpnomelane is rarely found. 

Black schist 

Two members composed mainly of black schist are exposed. The one 
underlies the green schist member and the other overlies it. 

Common black schist consists mainly of quartz (60-70 percent by volume), 
albite (5-15 percent by volume), chlorite (5-15 percent by volume), muscovite 
(5-15 percent by volume), and opaque minerals (2-5 percent by volume). 
Tourmaline and apatite are contained as accessory minerals. 

Quartz schist 

A few beds of quartz schist occur in this district. Quartz schist which 
is interbedded between the upper black schist member and the green schist 
member is generally poor in piedmontite, on the other hand, quartz schist 
which is exposed near the Chihara mine contains a considerable amount. of 
piedmontite. 

Quartz schist found near the mine consists of quartz (70-80 percent by 


* G. Kojrma (1951) divided the Sambagawa crystalline schists of Central Shikoku 
into the following groups and formations: 


' Upper sub-group 
Minawa Formation 
Yoshinogawa Group Middle surarou| 
Koboke Formation 


Kawaguchi Formation 


Lower sub-group | 
Oboke Farmation 
Nishiiya Group 
The upper sub-group of the Yoshinogawa group and the Nishiiya group are composed 
of various kinds of schists. The Koboke and Oboke formations are mainly composed 
of the schists of sandstone origin, and the Kawaguchi formation is mainly of the 
black schists of pelitic rock origin. On the other hand, the Minawa formation, espe- 
cially its middle part named the main green schist member is characterized by the 
presence of the green schists of basic rock origin. 
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volume), muscovite (5-10 percent by volume), piedmontite (10-20 percent by 
volume), apatite, calcite, and hematite. Albite is usually rare, but it is rather 
abundant in some layers of quartz schist. 

Calcareous schist 

A small mass of calcareous schist is found between piedmontite-quartz 
schist and green schist in the underground of the mine, and its small exposure 
is found on the surface. This mass shows a long rod-like shape. 

This calcareous schist consists of calcite (95-98 percent by volume), and 
small amount of impurities such as quartz, muscovite, apatite and hematite. 
In some parts of this schist, albite, epidote, piedmontite and amphibole are 
contained. 

Original rocks 

There are no sufficient data to identify the original rocks from which the 
crystalline schist were derived, but it is probable from the petrographic 
natures of the crystalline schists and their modes of occurrence that green 
schist was derived from basic tuff (partly from effusive rocks), quartz schist 
from cherty rocks, black schist from argillaceous rocks (partly from arena- 
ceous rocks), and calcareous schist from limestone. 


(b) Izumi sandstone group 

The sandstone-shale alternation is exposed in the western and northern 
areas of this district (Fig. 2). This alternation is a member of the Izumi 
sandstone group which is of late Cretaceous age (T. Marsumoro (1953)). 

The rhythmic alternation of sandstone and shale, of which unit layer is 
o-15cm thick, is exposed in the southwestern area, on the other hand, the 
formation in the northern area is composed of massive or thick bedded sand- 
stone. 

Sandstone is generally medium-grained, and its fresh surface is dark grey. 
This rock is usually massive, and consists mainly of subangular grains of 
quartz, plagioclase, potash feldspar, and hematite, and cementing material. 
Zircon and apatite are contained as accessories. Sand grains reach a maximum 
of about 1mm in diameter. 

Shale is black or dark grey. It consists mainly of argillaceous matter. 
Fine fragments of quartz and feldspars are sparingly contained. Carbona- 
ceous matter is contained as thin seams. 


(c) Tertiary intrusive rocks 

A few intrusive masses of andesite occur along or near the faults, more- 
over, several narrow dikes of andesite are found in the crystalline schists 
(Fig. 2). The particular intrusive masses and dikes differ in the petrographic 
natures from one another. 

Garnet-biotite andesite which is exposed at the southwestern area of this 
district has an outline of rectangle of about 2.5km in the longer edge and 1.2 
km in the shorter, and a narrow branch of the rock mass may extend south- 
wards. Phenocrysts are of andesine, biotite, and garnet. Groundmass consists 
of plagioclase, fine crystals of magnetite and a small quantity of glassy base. 
The phenocrysts of andesine and biotite reach a maximum of 2mm in length, 
and the diameter of garnet is at most 1mm. The length of plagioclase of 
the groundmass is 0.2mm on an average. Zircon and apatite are common 
accessory minerals. 

The intrusive rock occurring near Ochiai along the fault is distinguished 
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in the petrographic natures from garnet-biotite andesite and also from other 
dike rocks. The phenocrysts of plagioclase are contained rather sparingly. 
Groundmass is nearly holocrystalline and consists almost exclusively of plagio- 
clase. This rock is altered, and kaolinite, sericite, and calcite are formed as 
the secondary minerals. 

Andesite dikes found in the crystalline schists are usually 1-10m thick, 
and have not so large extension. 

Narrow dike of augite andesite is exposed near the mine. Its phenocrysts 
are augite, hypersthene, and hornblende. Groundmass consists of fine crystals 
of augite, hypersthene, and plagioclase with secondary carbonates and clay 
minerals derived probably from glass. 

Most of dikes exposed in the southern area contain plagioclase as pheno- 
crysts. Groundmass consists of.small laths of plagioclase and interstitial 
carbonates derived probably from glass. Very fine crystals of magnetite are 
scattered. Xenoliths of siliceous schist are frequently found, and the shape- 
less crystals of quartz are also contained. 


(d) Geologic structure 

The Chihara district is divided into two parts by the faults, the one is 
occupied by the Sambagawa crystalline schists, and the other the Izumi sand- 
stone group. 

The crystalline schist formation is gently or intensely folded and shows 
a repeated syncline-anticline structure on a minor scale, and it forms a large 
anticlinal structure as a whole. The axes of the minor folds are parallel to 
the axis of the major fold and they pitch westwards at 10°-20°. Although 
the strike-dip is varied in each exposure, the direction of the lineation im- 
printed on the schists is rather consistent, and it is parallel to the fold axes. 
Locally the schists are intensely folded, and at the Chihara mine a minor re- 
cumbent fold is observed. 

The sandstone-shale alternation of the Izumi sandstone group is disturbed 
in this district, especially near the boundary faults (Median Tectonic Line). 
The alternation is cut by many minor faults and its strike-dip is varied in 
each exposure. 

The Median Tectonic Line has been repeatedly modified since its appear- 
ance, and T. Kopayasnr (1941) distinguished its development into four phases; 
Kashio phase—Cretaceous, Ichinokawa phase—Oligo-Miocene, Tobe phase— 
Pliocene, and Shobudani phase—Pleistocene. In this district two large faults 
limiting the crystalline schist area are found, the one is NE-trend and the 
other is N-trend (Fig. 2). The former may be correlated to that of the Ichi- 
nokawa phase and the latter to that of the Tobe phase (?). 

It is evident that the intrusion of garnet-biotite andesite took place after 
the dislocation along the N-trend fault. The intrusion along the fault of the 
Ichinokawa phase took place certainly in post-Oligo-Miocene (and perhaps after 
the dislocation of. the Tobe phase). It is clear that many narrow dikes of 
andesite were formed after the schists had been metamorphosed to their pres- 
ent state, and probably the age of their formation is not so different from 
that of the intrusion of garnet-biotite andesite. 


(e) Geologic history 
From the above described facts, the geologic history ot the Chihara 
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district is summarized in the following subjects. 

1) Deposition of the Minawa formation, active submarine volcanism. 

2) Folding and metamorphism of the Minawa formation. 

3) Deposition of the Izumi sandstone group—late Cretaceous. 

4) Dislocation along the NE-trend fault, the Median Tectonic Line of the 
Ichinokawa phase—Oligo-Miocene. 

5) Dislocation along the N-trend fault, the Median Tectonic Line of the 
Tobe phase (?)—Pliocene (?). 

6) Intrusion of andesites—Pliocene (?). 

As explained in the succeeding sections, the cupriferous pyrite deposits 


were formed during or before folding and metamorphism of the Minawa for- 
mation. 


III. Ore deposits of the Chihara mine 


The cupriferous pyrite deposits of the Chihara mine consist of several 
ore-bodies, of which two rod-like ones are partly worked at present*. The 
dimension and form of the ore-bodies are presented in Figures 3, 4, and Table 
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Fig. 3. Geologic profile near the Chihara mine. 
A part of a-a’ section of Fig. 2. 
1—Izumi sandstone group, 2—Black schist, 3—Quartz schist, 
4—Green schist, 5—Ore-body, S—Sembagadake. 
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Fig. 4. Geologic profile near the Chihara mine. 
A part of b-b’ section of Fig. 2. 


1—Black schist, 2—Quartz schist, 3—Green schist, 4—Ore-body, 
Il—Second ore-body, I1I—Third ore-body, H—Honko ore-bodies. 


* In April, 1957, a small new ore-body was discovered near the third ore-body in 
the underground. It is presumed that the shape of this ore-body is similar to that 
of the second or third ore-body, but its details are not certain. 
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1. The second and third ore-bodies were particularly observed in the under- 
ground, then their modes of occurrence and natures will be described in some 


detail. 


Table 1. Size and form of ore-bodies. 


Ore-body Size (m) Form amt si sa 
I ore-body 30K oo 00 bedded gs gs 
Il ore-body 6-15 x1. 5-2 x >500 rod-like pqs gs 
III ore-body 6-15 x1. 5-2 x > 500 rod-like pqs gs 
IV ore-body 3515 e500 bedded gs gs 
Honko ore-body (upper) 45 x 1x 1300 bedded pqs pqs 
Honko ore-body (lower) 45 x1 1300 bedded gs gs 


Remarks for Table 1. 

1) Abbreviations for rock names are as follows; 
gs—green schist, pqs—piedmontite-quartz schist. 

2) The pit mouth of the first ore-body is situated 250m S from the office on 
the east side of Nakayama river. The ore-body consists of low grade ore. 

3) The fourth ore-body is observed in the cross-cut of the mine, and its con- 
tinuation along the lineation is ascertained. However, the ore is poor in 
copper and sulphur, then this ore-body is now unworkable. 

4) It is on record that the Honko deposits consist of two parallel bedded ore- 
bodies, the upper ore-body and the lower, which are concordant with the 
wall rocks and extend parallel to the lineation. These ore-bodies are the 
largest among all ore-bodies in this mine. They were worked in former 
times, and the mining was abandoned where they were cut by faults. These 
ore-bodies can not be observed at present, then their details are uncertain. 


(a) Mode of occurrence of the ore deposits 

Figure 5 is a geologic profile showing the mode of occurrence of the 
deposits. The deposits occur concordantly with the folded country rocks. The 
second and third ore-bodies lie between piedmontite-quartz schist and green 
schist. This piedmontite-quartz schist is folded on a minor scale and it shows 
in a few places narrow but long anticlines trending westwards. Apparently 
the cores of these anticlines are occupied by the ore-bodies. The fold axes 
coincide with the lineation imprinted on schists, then the extending directions 
of the ore-bodies are also in harmony with the lineation. The characteristics 
of the lineation will be described later. 

In the section perpendicular to the lineation, the breadth of the second 
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Fig. 5. Geologic profile of the Chihara mine. 
A central part of Fig. 4. 


1—Quartz schist, 2—Green schist, 3—Calcareous schist, 4—Ore-body 


(hatched—of low grade ore), II—Second ore-body, I1J—Third ore-body, 
1V—Fourth ore-body. 
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Fig. 6. Three dimensional diagram of the second and third ore-bodies. 


ore-body is about 10m and the thickness is about 2m. The dimension of the 
third ore-body is almost identical with that of the second ore-body. These 
ore-bodies extend more than 500m along the lineation (Fig. 6), and they are 
exposed on the cliff face of Sembagadake. 

At the first glance the second ore-body appears to be perfectly separated 
from the third ore-body, but in fact they are connected with pyrite dissemi- 
nation zone. Namely the horizon including the ore-bodies can be traced from 
the second ore-body to the third one. 

The ore-bodies do not always consist of homogeneous ore, but the layered 
structures of various ores are found in many places. 

Figure 7 shows an example of the mode of occurrence and the structure 
of the second ore-body. 

1) The boundary between the ore-body and the wall rocks is very sharp. 

2) The boundary plane between the ore-body and the wall rocks is almost 
completely concordant with the schistosity plane of the wall rocks. 

3) The ore-body consists of various kinds of ores; 

a) compact ore consisting of pyrite, chalcopyrite, bornite, sphalerite, 
and minor amount of gangue minerals such as quartz and calcite; some 
parts of this ore are rich in bornite and purplish brown in colour, 

b) compact ore, of which mineral composition is similar to that of 
type a), bornite is rather rare; this ore is yellow, 

c) compact ore consisting chiefly of pyrite, sphalerite and minor a- 

mount of chalcopyrite; this ore is relatively rich in sphalerite and shows 
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1 2 3 4 ° 6 "6 8 | 
Fig. 7. Sketch showing the structure of ore-body (1). Cross section normal : 
to the lineation, II ore-body, 490 m W from the pit mouth. 
1—Compact ore (with bornite-rich layers), 2—Compact ore (pyrite-chal- 
copyrite ore), 3—Compact ore (with sphalerite-rich layers), 4—Banded ore, 
5—Banded ore (low grade ore), 6—Quartz schist, 7—Green schist, 8—Hema- 


tite-chlorite schist. 
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Fig. 8. Sketch showing the structure of ore-body (2). Cross section normal 
to the lineation, New ore-body, 600m W from the pit mouth. 
1—Compact ore, 2—Banded ore, 3—Chalcopyrite-rich ore, 4—Quartz schist, 

5—Green schist, 6—Quartz-rod and garnet-rod. | 


greyish colour, 

d) banded ore consisting of pyrite quartz, muscovite, epidote, albite, 
chlorite, and a very small amount of chalcopyrite, 

e) disseminated ore, of which mineral composition is similar to that 
of type d); this ore is very poor in ore minerals. 

4) Not only the large scale layered structure of various ores is observed, 
but also the fine layered structure which is due to different mineral composi- 
tions and different fabrics is conspicuous. 

5) The layered structures are in harmony with the structure of the wall 
rocks. 
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6) The foot-wall is of green schist. Between piedmontite-quartz schist 
of the hanging wall and the ore-body thin layer of green schist is placed. 

7) The upper surface of the ore-body is coated with a thin veneer of 
hematite-chlorite rock. 

Figure 8 also shows the mode of occurrence and the structure of the ore- 
body. It is very characteristic that chalcopyrite-rich ore occurs as a kind of 
“apophyse” in the strongly folded green schist. In such a place quartz-rods* 
and small garnet-rods are often found. The similar structures were observed 
in many places of the mine. 

Some small fragments of schists are included in the ores near the upper 
margin of the ore-bodies. 

Figure 9 presents an example of such an ore. Two fragments of green 
schist which consists of chlorite muscovite, quartz, and hematite are included 
in the compact ore. The one side of the larger fragment is coated with 
calcite, and enclosed with chalcopyrite-rich ore, and the other is also rimed 
with such a peculiar ore. This chalcopyrite-rich ore is clearly distinguished 
from the common sulphide ore around the fragments, and its mode of occur- 


20 cm 


ie 

Fig. 9. Structure of ore (1), showing the 1 2 3 4 5 
layered structure of ore and the rock frag- Fig. 10. Structure of ore 
ments included in the ore, III ore-body, (2), showing the layered 
600 m W from the pit mouth, 1a. structure of ore and the 
1—Common compact ore, 2—Sphalerite-rich mode of occurrence of the 
layer, 3—Chalcopyrite-rich ore, 4—Green veins, III ore-body, 600 m W 

schist, 5—Calcareous schist. from the pit mouth, | b. 


1—Wall rock (hematite-chlo- 
rite schist), 2—Pyrite ore, 
3—Pyrite-chalcopyrite ore, 4 
—Sphalerite-rich layer, 5— 
Quartz-calcite-chalcopyrite 
vein. 


* Quartz-rod means a rod-like segregation quartz vein (L.U. DE SITTER (1956). 
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rence shows that it is a kind of “pressure-shadow”.* The cracks of the 
fragments are filled with chalcopyrite. Several angular fragments of calcare- 
ous schist which is composed chiefly of calcite, quartz, and hematite are also 
contained. The orientation of the schistosity plane of each fragment is slightly 
different from that of other fragments. The spaces among these fragments 
are filled with chalcopyrite. The layered structure of the ore is distinct and 
it is curved around the fragments. 

Ores are locally penetrated by many narrow veins consisting of calcite, 
quartz and chalcopyrite. Figure 10 shows clearly the relation between the 
main layered ore and veins. This ore was collected from the upper margin 
of the third ore-body, 530m W from the pit mouth. It consists of four layers 
of different natures; the hematite-chlorite layer, the layer of pyrite ore, the 
layer of pyrite-chalcopyrite ore, and the layer of pyrite-sphalerite ore. This 
layered structure is concordant with the boundary surface of the ore-body. 
The schistosity is distinct in the hematite-chlorite layer, moreover, the fine 
layered structure is found also in the sulphide ore. This ore is penetrated by 
several narrow veins consisting of calcite, quartz, and small amount of chalco- 
pyrite. Chalcopyrite of veins occurs mainly in the boundary zone between 
the veins and the layer of the pyrite-chalcopyrite ore. 

From the above facts, the modes of occurrence and the structures of ore- 
bodies are summarized as follows. 

1) Several bedded or rod-like ore-bodies lie concordantly is schists. 

2) The second and third ore-bodies being worked at present are rod-like 
shaped. They occupy the cores of the minor anticlines of the schists, then 
these ore-bodies show an appearance like the saddle-reefs. 

3) The ore-bodies extend parallel to the lineation. 

4) The ore-bodies consist of some various kinds of ores such as compact 
ore and banded ore. The ores show usually thick or fine layered structures, 
and these layered structures are in harmony with the structure of the wall 
rocks. 7 

5) Chalcopyrite-rich ore occurs in the intensely folded green schist or 
around the schist fragments in ores. 

6) The ores are locally penetrated by narrow veins consisting of quartz, 
calcite, and chalcopyrite. 

7) Usually the upper surface of each ore-body is bordered by a rim of 
thin hematite-chlorite rock. Segregation quartz veies, quartz-rods, and small 
garnet-rods occur in the strongly contorted wall rocks. 


(b) Nature of ores 

The ores are classified into three major types from their mineral compo- 
sitions and textures; compact ore, banded ore, and chalcopyrite-rich ore. 

Compact ore (Figs. 1, 2, 4, 5 and 6 in Pl. XIX) 

The main parts of the ore deposits are composed of compact ore. The ore 
of this kind is generally hard and compact. This ore is not always homogene- 
ous, but is varied in mineral composition, and it shows often distinct layered 
structure. Purplish (bornite-rich), yellowish (chalcopyrite-rich), greyish 
(sphalerite-rich), and creamy yellow (pyrite-ore) layers are distinguished from 


* “ Pressure-shadow” in metamorphic rocks was described by A, Past (1931) and 
others. 
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one another. Thickness of unit layer ranges from the order of decimeter to 
that of millimeter. 


Main ore minerals are pyrite, chalcopyrite, bornite, and sphalerite. The 
proportion of these minerals, however, is varied in each layer. A small 
amount of galena(?) is rarely contained. Quartz and carbonates are main 
gangue minerals. Muscovite and chlorite are common but rather minor in 
the compact ore. Barite and albite are contained in some compact ores. 


Banded ore (Figs. 7, 8 and 9 in Pl. XIX) 

The lower parts of the rod-like ore-bodies are composed chiefly of banded 
ore. The banding of the ore of this kind is mainly due to the fine alterna- 
tion of the layers rich in ore minerals and the layers rich in gangue minerals. 
Schistosity and lineation are very disttnct. The common banded ore is com- 
paratively poor in copper and pyrite contents. 

The ore minerals of banded ore are pyrite and subordinate chalcopyrite. 
Sphalerite and bornite are rather rare. Some parts of banded ore contain 
pyrite alone as ore mineral. Quartz, muscovite, chlorite, and carbonates are 
main gangue minerals, and albite, epidote, sphene and apatite are also common 
in the banded ore. Barite is rarely found. 

Chalcopyrite-rich ore (Fig. 3 in Pl. XIX) 

Chalcopyrite-rich ore occurs in a form like as “apophyse” or large 
“pressure-shadow ”. The ore of this kind is much less than the compact ore 
and the banded ore. But it is very rich in copper, so this ore is comparative- 
ly important as copper ore. 

Principal ore minerals are chalcopyrite and pyrite. Sphalerite is rather 
rare. Carbonates and quartz are common gangue minerals. 


Here, some characteristics of constituent minerals of ores are briefly presented, 
and the detailed description of the fabrics will be given in the succeeding chapter. 
Pyrite—Pyrite of banded ore is usually euhedral (cube) and that of compact ore is 
subhedral.. On the other hand, pyrite of chalcopyrite-rich ore shows a rounded form. 
In some ores an elongated from is conspicuous. Grain size of pyrite ranges from 0.1 
mm to 0.6mm. In general, pyrite of banded ore is somewhat coarser than that of 
compact ore. Crushed texture of pyrite crystals is sometimes found, especially in the 
ores of the periferies of ore-bodies. 

Chalcopyrite—In compact ore chalcopyrite fills up interstices or cracks of pyrite. This 
mineral is concentrated in the ores occurring apparently as “ apophyses ” or “ pressure- 
shadows”. Chalcopyrite of chalcopyrite-rich ore is about 0.1mm in average length, 
and interstitial chalcopyrite has also similar dimension. The state of aggregation of 
chalcopyrite is usually equigranular and allotriomorphic. 

Bornite—Bornite is common in compact ore, and 1s nearly always accompanied with 
chalcopyrite. In some layers bornite is exceedingly concentrated, and so the ore is 
purplish brown in the fresh surface. Bornite is rarely replaced along its definite 
crystallographic planes by chalcopyrite. Grain size of bornite ranges from 0.1mm to 
0.022mm. The state of aggregation of the mineral is similar to that of chalcopyrite; 
equigranular and allotriomorphic. 

Sphalerite—Sphalerite is common in compact ore, and usually fills up the interstices of 
pyrite. In the sphalerite-rich layers of compact ore, this mineral occurs as streaks. 
Grain size of sphalerite ranges generally from 0.1mm to 0.05mm, but sphalerite form- 
ing the streaks is very fine, namely it is 0.01mm in average length. The state of 
azzrezation of the mineral is allotriomorphic. Polysynthetic twins are commonly 


observed, 
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Galena (?)—A small amount of white mineral is rarely contained in some ores. This 
mineral is isotropic and galena white, reflectivity is high, and hardness is lower than 
that of chalcopyrite. It is usually accompanied with sphalerite and chalcopyrite. Its 
cnaracteristic features resemble those of galena. 
Carbonates—Carbonate minerals (mostly calcite) are most abundant among gangue 
minerals. They occur as interstitial minerals and also as specks or pools in the ores. 
Quartz—Quartz is always contained as one of the gangue minerals. In some ores the 
mineral occurs as “ pressure-shadows” around the pyrite crystals. 
Muscovite—Muscovite is common, but its amount is not constant. In some banded ores 
the interstices of sulphide minerals are filled up with this mineral. 
Chlorite—Chlorite is common in banded ore. Its mode of occurrence is similar to that 
of muscovite. This mineral occurs sometimes as “pressure-shadows” around the 
pyrite crystals. 
Albite—Albite is common in banded ore. Albite crystals of schists contain usually 
many fine inclusions such as hematite and epidote, on the contrary, the albite crys- 
tals of the ores are nearly free from such inclusions. The mineral ranges from 0.3 
mm to 0.8mm in length. 
Epidote—Epidote is common as gangue mineral in the banded ore. This mineral is 
euhedral against other minerals, and ranges from 0.1mm to 1mm in length. 
Barite—Barite occurs in sphalerite-rich ore. It is subhedral, and ranges from 0.2mm 
to 0.5mm in length. This mineral is contained also in the common compact ore. 
Usually it is associated with calcite. Barite was determined by the optical method 
and the X-ray powder method using CuKa radiation. 
The optical properties are as follows; 

(+) 2V=39°, a=1.634, y=1.646, y—a=0.012, 

colourless in thin section. 
Other minerals—The euhedral crystals of sphene are common in banded ore, and 
apatite is also not rare. 


(c) Wall rocks 


The second and third ore-bodies lie between piedmontite-quartz schist of 
the hanging wall and green schist of the foot-wall. Thin green schist (10-50 
cm thick) is usually interbedded between the ore-bodies and the piedmontite- 
quartz schist. The mineral assemblage and texture of the wall rocks are 
similar to those of the common schists from this district. The upper surface 
of each ore-body is often bordered by a rim of hematite-chlorite-quartz schist. 
The presence of garnet bearing rock (garnet-rods) is characteristic in green 
schist of the hanging wall. 

Green schist 


Green schist consists mainly of chlorite, muscovite, epidote, quartz, and 
calcite. Albite is also common in some green schists, and glaucophane occurs 
in some layers. Sphene, rutile and apatite are accessories. 

Segregation quartz veins subparallel to schistosity plane are common in 
green schist. Quartz-rods are frequently found in intensely folded green 
schist (Fig. 8). These quartz-rods are not so large, and their longer dimen- 
sion in the section perpendicular to the rod-axis is at most 30cm, and they 
are elongated parallel to the fold axis. Segregation quartz veins and quartz- 
rods consist nearly of quartz alone, which shows strong wavy extinction and 
shattered texture under the microscope. 

In green schist, especially of the hanging wall, garnet bearing rock is 
often found. In most places, such rock occurs as small rod-like bodies. This 
rock is pinkish yellow and consists mainly of garnet and carbonates, As 
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shown on Figure 11, it forms as complete 
rods or minute “saddle-reefs” in the 
hinges of microfolds. The rods are gener- 
ally small and at most several centi- 
meters in diameter. The elongation of 
the rods is parallel to the fold axis and 
the lineation. Garnet is generally very 
fine, and the garnet aggregates are frac- 
tured as if they were streched along the 
lineation. The interstices of the fractur- 


ed garnet aggregates are filled with bon ke eas 
carbonates. Garnet bearing rock forms Fig. 11. Sketch showing the 


often as tubes, of which cores “are structure of garnet-rod, hatched— 
filled with quartz, rhodochrosite, and  arnet-carbonate rock, stippled— 
rarely with pyroxmangite (pyroxmangite  C@tbonate (rhodochrosite) core. 
was determined by the X-ray powder 
method). Green schist near the rods is generally rich in glaucophane and 
hematite, and some rods are enclosed with thin seams composed of glauco- 
phane, hematite, and quartz. Some layers of green schist are disseminated 
with pyrite and rarely with chalcopyrite and bornite. 

Piedmontite-quartz schist 

Piedmontite-quartz schist consists of quartz, piedmontite, muscovite, calcite, 
albite, and hematite. This schist is not homogeneous; some layers are rich 
in piedmontite and others are poor in it. In the strongly folded parts of the 
quartz schist, quartz-rods or segregation quartz veins are formed, and in such 
places piedmontite is often remarkably concentrated. 

Hematite-chlorite-quartz schist 

Thin layers composed chiefly of hematite, chlorite, and quartz are usually. 
placed between the ore-bodies and the green schist of hanging wall. Chlorite 
is deep green with strong pleochroism. Small smount of quartz occurs in the 
interstices of hematite crystals. Sphalerite is rarely found in the interstices 
of other constituent minerals. Where the ore-bodies are in contact with 
quartz schist, the lowest layer of the quartz schist is rich in hematite. 


IV. Petrofabrics 


By means of a petrofabric investigation the writer intends to make clear 
the stage when the ore deposits were formed in their present state and the 
genetical relation between the formation of the ore deposits and the crustal 
movement or metamorphism. 

The systematic investigations of petrofabrics were first performed by B. 
Sanpver (1930) and W. Scumipr (1932). Thereafter many contributions were 
published, and they were summarized by B. Sanpver (1948), H.W. Farrparrn 
(1949), and others. Principally the petrofabric natures of metamorphic rocks 
and especially of transparent minerals were studied. However, some in- 
vestigators applied the petrofabric analyses to ore deposits and opaque 
minerals. D. Scuacuner-Korn (1948) studied the metamorphic fabrics of galena, 
boulangerite, and bournonite in veins. F. Karr (1953) and W. Spross (1954) 

be / 
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analysed the structural elements, s-plane, B-axis, and joint in relation to ore 
deposits. The fabrics of some ore minerals were comprehensively described by 
P. Ramponr (1955) and A. B. Epwarns (1954). But there are only a few examples 
of the exactly analysed fabrics of ore minerals, because it is difficult to deter- 
mine the crystallographic orientation of ore minerals. 

Planar and linear structures are developed extensively in the schists and 
the ore deposits of the Chihara mine. On the structural elements and the 
grain fabrics some remarkable features of regularity are found, then they 
will be described in the following sections. 

(a) Schistosity 

Bedding schistosity is most remarkable in the schists. That is, the schistosi- 
ty plane is generally in harmony with the bedding plane of the schist. How- 
ever, axial plane cleavage is common in some schists, especially in black schist. 
Moreover, in the intensely folded parts of green schist or quartz schist, axial 
plane cleavage is frequently found. 

The schistosity which is in harmony with the shape of the ore-body is 
common in the banded ore, and it is not rare also in the compact ore. 


(b) Joint 

In the schists, the joints nearly prependicular to the direction of their 
lineation are most predominant and the joints which are subparallel to the 
direction of the lineation and roughly perpendicular to the bedding schistosity 
are also common. 

The joints found in the ore-bodies have similar orientation to that in the 
schists. Namely it is clear that the cross-joints are predominant in the schists 
and the ore-bodies. The details of the joint system are not yet analysed. 

Where the compact ore is folded, radial cracks are developed in the crest 
of the minor anticline, as if the competent rock (compact ore) is concentrically 
folded. 

Many cracks are filled with calcite and/or quartz, and some cracks in ores 
are filled with calcite, quartz and chalcopyrite. The datolite veinlets which 
are found locally in green schist fill up the cross-joints (A. Karo, K. Kanrnira, 
and E. Hortxosnr (1957)). 

(c) Lineation 

Only the lineation of syntectonic origin will be discussed here*. Such a 
lineation is very distinct not only in all prevailing schists but also in some 
ores. The lineation which was imprinted by the subsequent movement in the 
later stage will not be discussed. 

The lineation shows the following natures. 

1) The arrangement of minerals; the parallel arrangement of unequidi- 
mensional minerals such as piedmontite and amphibole is very remarkable. 
In piedmontite-quartz schist many small prismatic crystals of piedmontite are 
oriented parallel to one another, and in green schists numerous prismatic crys- 
tals of amphibole are arranged on the same manner. In some ores pyrite 
crystals have an elongated form and their longer axes are parallel to one 
another. 

2) The lineation may be also ascribed to the microfolds. All of the pre- 
vailing schists have the fold structures of various scales, and the axes of the 

* 

(1946)) . 


Lineation means all kinds of linear structures observed in rocks (E. CLoos 
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folds are parallel to one another. Their direction coincides with that of the 
mineral arrangement. 

The directions of the lineation were measured in the underground and at 
many outcrops of the surface. The measured directions of the lineation are 
represented with the arrows marked on the geologic map. The pitch angle of 
the lineation is shown by the figures marked at the point of the arrow. 

The lineation of this district has a constant tendency, that is, it pitches 
generally westwards at 10°-20°. 

The extending directions of the ore-bodies of this mine are parallel to the 
lineation. The directions of the lineation imprinted on the wall rocks were 
measured at intervals of 3m along the ore-bodies. The observed directions of 
the lineation were plotted on the Schmidt’s net, and the maximum concentra- 
tions were obtained (Figs. 12 and 13); _ 
along the second ore-body: N&85°W 12°W 
along the third ore-body: N85°W 11°W 


The extending direction of the stope of the ore-bodies as a whole are as 
follows; 


the stope of the second ore-body: N81°W 17°W 
the stope of the third ore-body: N81°W 15° W 


N N 


| B 


a Se 


Fig. 12. Diagram showing the emer- Fig. 13. Diagram showing the emer- 
gence of the lineation, 100 measure- gence of the lineation, 100 measure- 
ments along the second ore-body, ments along the third ore-body, 
Schmidt’s equal area projection. Schmidt’s equal area projecttion. 


The extending directions of the stope of these ore-bodies as a whole are 
slightly oblique to the lineation. This feature is due to that the ore-bodies 
are stepwise displaced by several normal faults which dip generally westwards 
or northwestwards at 40°-50°. If the ore-bodies were not displaced by these 
faults, the extending directions of the ore-bodies would become closely parallel 
to the lineation.* 


(d) Grain fabrics ; 
Many oriented specimens were collected on the surface and in the under- 
ground. The fabric analyses of these oriented specimens were accomplished 


is ‘The close relationship between the lineation and the extending direction of 
“ Keislager”? was already noted by T. KamryaMa and Y. HoriKosHi (1938). 
fs 


326 K. KANEHIRA 


and the appropriate diagrams were constructed. 

Schistosity plane is indicated as s-plane. In most schists schistosity plane 
is in harmony with bedding plane. The direction of the lineation is assigned 
as b-axis in the co-ordinate system of fabric. c-axis is normal to s-plane, and 
a-axis is normal to b- and c-axes. 

The orientations of the crystallographic elements of transparent minerals 
were measured under the microscope with a universal stage. All diagrams 
are plotted on the Schmidt’s net of equal area projection, representing the 
lower hemisphere. 


Quartz 


The quartz crystals of quartz schist show a distinct preferred orientation. 

Piedmontite-quartz schist consists of quartz (70-80 percent by volume) and 
other minerals. Schistosity is perfect and lineation is very distinct. A polished 
surface cut perpendicularly to b-axis shows a fine banding of quartz-rich layers 
and piedmontite-rich layers. The schistosity is in harmony with this banding 
and usually is crumpled in a minute scale. 

The quartz grains show a parallel elongation along the lineation and a 
distinct wavy extinction. Their average dimension is 0.5mmx0.2 mmx 0.2mm. 

The most striking feature of quartz diagram (Fig. 14) is a distinct tendency 
tor the plots of optic axes to lie ona clear girdle, namely, the fabric of quartz 
grains of quartz schist shows a typical ac-girdle. The maxima are approxi- 
mately on the intermediate positions between @ and c. The average schist of 
this district is B-tectonite as defined by B. Sanper (1948). 

The fabric of quartz grains in hematite-chlorite-quartz schist shows also 
an ac-girdle (Fig. 15). 

Segregation quartz veins subparallel to the schistosity plane consist of 
almost quartz alone. The grain size of such quartz is not so uniform, and 
ranges from 1mm to 0.2 mm in the longer dimension. Most crystals are slightly 
or remarkably elongated parallel to the lineation. These quartz crystals have 
a similar preferred orientation to that of the quartz crystals in quartz schist 
(Fig. 16). 

Quartz crystals are sparingly scattered in calcareous schist. The shape of 
such quartz is rather rounded and wavy extinction is scarcely found. The 
quartz crystals of this type do not show any distinct preferred orientation. 

Quartz in the ores is classified into four types from its modes of occur- 
rence. 

a) In some compact ores quartz fills up the interstices of pyrite crystals. 

b) Quartz occurs as one of the common gangue minerals with calcite and 
other minerals in the banded ore. 

c) In some ores, quartz occurs as “ pressure-shadows” around the euhedral 
crystals of pyrite. 

d) Quartz occurs in veins cutting the major structure of ores. 

The quartz grains filling up the interstices of pyrite crystals do not show 
any sign of regularity on their orientation. Generally the quartz grains of 
the type b) are isolatedly scattered in calcite aggregate. These crystals have 
no distinct preferred orientation (Fig. 17), although the diagram of the asso- 
ciated calcite crystals shows evidently a tectonite fabric (Fig. 22). On the 
fabric of the quartz grains filling the “pressure- shadows” a regularity of B- 
tectonite can not be recognized. Quartz of the type d) has no regularity. 
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Fig. 14. 200 quartz c-axes in pied- Fig. 15. 200 quartz c-axes in hematite- 
montite-quartz schist (KK 55081014), 5- quartz schist (CH-55-43), hanging wall 
4-3-2-1% in 1% area. of the third ore-body, 5-4-3-2-1% in 1% 

area. 


Fig. 16. 200 quartz c-axes in segrega- Fig. 17. 200 quartz c-axes in banded 
tion quartz vein (CH-55-45), occurring ore (CH-56-5), quartz occurs as pools 
parallel to the schistosity plane, 6-5-4- or isolated grains surrounded by calcite, 
3-2-1% in 1% area. 3-2-1% in 1% area. Preferred orienta- 


tion is hardly found. 


Calcite 

The calcite crystals of calcareous schist show a distinct preferred orienta- 
tion. The calcareous schist has a narrow but long rod-like shape. This schist 
consists mainly of calcite (95-98 percent by volume). Quartz, muscovite, apatite 
and hematite occur as impurities. 

The schist splits easely along the films of impurities, on which the linea- 
tion is clearly imprinted with the parallelism of mineral arrangement and 
microfolds. . . 

The calcite crystals are uniform in size, and they are remarkably elongated 
parallel to the lineation. Namely, the longer dimension of calcite is 0.5mm 
to 1mm and the diameter in the section normal to the lineation is 0.2mm to 
0.4mm. Fine lamellar twins on (0112) are developed in many grains. 

.. The orientations of optic axes of many calcite grains were measured in 
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Fig. 18. 200 calcite c-axes in calcare- Fig. 19. 200 calcite c-axes in green 
ous schist (CH-55-36), 5-4-3-2-1% in schist (CH-55-2), hanging wall of the 
1% area. second ore-body, 4-3-2-1% in 1% area. 


Fig. 20. 150 calcite c-axes in compact Fig. 21. 150 catcite (0112) lamellae in 
ore (CH-56-1), calcite occurs as pools compact ore (CH-56-1), the same section 
or thin layers in sulphide ore, 5-4-3-2- as that of Fig. 20, 6-5-4-3-2-1% in 1% 
1% in 1% area. area. 


Fig. 22. 200 calcite c-axes in banded 
ore (CH-56-5), the same section as that 
of Fig. 17, 4-3-2-1% in 1% area. The 
tendency to lie on the ac-girdle is found. 
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the oriented thin sections. The optic axes are distributed on an ac-girdle, and 
the maximum is found near the c-axis (Fig. 18). 

Calcite occurs as one of the constituent minerals of the green schist of 
wall rock. These calcite crystals show also a preferred orientation (Fig. 19). 

Calcite of ores is divided into three types from its modes of occurrence 
as follows. 

a) The mineral occurs as thin layers or pools in the compact ore or in 
the banded ore. 

b) The mineral fills up the interstices of ore minerals in the compact ore. 

c) The mineral occurs in the veins which cut the structure of ores. 

The grains of the type a) have a similar dimension to that of calcite in 
the calcareous schist. Lamellar twins are remarkably developed. The optic 
axes are distributed on an ac-girdle (Fig, 22), and in some specimens they are 
concentrated near the c-axis (Fig. 20). If lamellar twins are remarkably devel- 
oped in calcite crystals, (0112) lamellae show naturally a distinct preferred 
orientation (Fig. 21). On the other hand, the interstitial calcite grains (type 
b)) are not uniform in size and are rather fine-grained. Lamellar twins are 
not common, and the preferred orientation of the optic axes is not found. 

The veins cutting the structure of ores consist mainly of calcite and small 
amount of quartz and chalcopyrite. The grain size of the calcite (type c)) is 
uniform and 0.3mm to 0.6mm in diameter. Lamellar twins on (0112) are rather 
common, but on their orientation and the distribution of the optic axes any 
regularity is not found. 


Muscovite 

Muscovite occurs as one of the constituent minerals in the various schists. 
This mineral is always rather euhedral against other constituents and some- 
times shows a bent flaky shape. 

The muscovite flakes of schists have a distinct preferred orientation. 

Piedmontite-quartz schist usually contains muscovite (5-10 percent by 
volume). The longer dimension of the common muscovite flakes in quartz 
schist ranges from 0.1mm to 0.3mm, and their thickness usually is about 0.02 
mm. 
The orientations of the basal planes (001) of many muscovite flakes were 
measured in the thin sections normal to a-, b-, and c-axes. 

The (001) poles are remarkably concentrated near c-axis, and a distinct 
tendency to lie on an ac-girdle is found. That is, the muscovite flakes tend 
to lie on the schistosity plane, but in accordance with microfolds the (001) 
poles are distributed on an incomplete ac-girdle (Fig. 23). 

Muscovite occurs as muscovite-rich layers in green schist or black schist, 
and it is frequently accompanied by chlorite. These muscovite flakes show 
the same preferred orientation as that of muscovite in piedmontite-quartz 
schist. 

The muscovite flakes which occur as gangue minerals of ores are grouped 
into two types from their modes of occurrence. 

a) In the compact ore the mineral is accompanied by calcite and fills up 
the interstices of ore minerals. The amount of muscovite is much less than 
calcite or quartz. 

b) In the banded ore a considerable amount of muscovite is contained as 
gangue mineral. In some ores the fine alternation of layers rich in ore miner- 
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Fig. 23. 300 poles of muscovite basal Fig. 24. 100 poles of muscovite basal 
planes in piedmontite-quartz schist (KK planes in banded ore (CH-56-6), 5-4-3- 
55081014), the same section as that of 2-1% in 1% area. 


Fig. 14, 6-5-4-3-2-1% in 1% area. 


Fig. 25. 200 poles of chlorite basal 
planes in green schist (CH-55-2), hang- 
ing wall of the second ore-body, the 
same section as that of Fig. 19, 5-4-3-2 
-1% in 1% area. 


als and muscovite-rich layers is observed. 

The muscovite of the type a) has no regularity in its arrangement, while 
the muscovite of the type b) shows a preferred orientation. Namely a tendency 
of (001) poles to lie on an ac-girdle is clearly found, and the maximum con- 
centration is situated near the c-axis (Fig. 24). 


Chlorite 

Chlorite occurs as one of the important constituents in green schist. The 
chlorite flakes (sometimes bent) of schists show a distinct preferred orienta- 
tion. The regularity of their arrangement is very similar to that of the mus- 
covite flakes. That is, the (001) poles are concentrated near the c-axis, and 
they tend to somewhat disparse along an ac-girdle. 

In the ore itself chlorite is scarcely contained. On the other hand, the 
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wall rock (green schist) is rather rich in chlorite, and the chlorite flakes show 
a preferred orientation; a remarkable concentration of (001) poles near the c- 
axis and the tendency to lie on the ac-girdle (Fig. 25). 


Pyrite 


Some ores were cut into small pieces, from which small cubes were made. 
Three faces of each cube were polished; the one face is normal to a-axis, the 
one is normal to b-axis, and another is normal to c-axis. ’ 

On the face normal to a-axis, the pyrite crystals show somewhat elonga- 
tion parallel to the lineation. On the face normal to c-axis (parallel to the 
schistosity plane) elongation of the pyrite crystals is also observed. On the 
other hand, such a texture is not found on the face normal to b-axis, but the 
outlines of the pyrite crystals are nearly equidimensional. That is to say, the 
pyrite crystals of some ores are apparently elongated parallel to the lineation. 
This feature is in harmony with the preferred orientation of some constituent 
minerals of schists (Figs. 4, 5, 6, 7, 8 and 9 in Pl. XIX). 

The pyrite crystals of banded ore are almost always elongated. However, 
the pyrite crystals of compact ore do not always show such an elongation. 
The pyrite crystals of some parts of compact ore show a very distinct elonga- 
tion, and those of the other parts hardly show such an elongation. The pyrite 
crystals in chalcopyrite-rich ore or bornite-rich ore have a rounded form, and 
the remarkable elongation is not found. 

In a specimen of the compact ore of the second ore-body (CH-55-6), the 
average of diameters of the pyrite crystals measured on the polished face 
normal to the b-axis is about 0.18mm, and the ratio of the length parallel to 
b-axis to this diameter is 1.47. The pyrite crystals of the banded ore (CH-55 
-7) have a.similar dimension and the elongated ratio is also’ similar to that of 
the pyrite crystals of the compact ore, namely it is 1.57. 


Sphalerite 

Sphalerite is grouped into three types from its modes of occurrence as 
follows. 

a) Sphalerite as an interstitial mineral in compact ore. The mineral fills 
up the interstices or the cracks in the pyrite crystals. 

b) Sphalerite as the inclusions in the pyrite crystals. 

c) Sphalerite occurring as the fine streaks in the sphalerite-rich layers of 
compact ores. 

Sphalerite of the type a) is usually accompanied by chalcopyrite and bor- 
nite, and they show a mutual boundary line. It is commonly 0.05mm to 0.1mm 
in diameter. Polysynthetic twins (probably on (111)) are common, and the direc- 
tions of the twinning planes have no regularity. Each of most sphalerite 
inclusions in pyrite consists of one grain of sphalerite. Its diameter is gener- 
ally 0.05mm to 0.1mm. Single twins or broad polysynthetic twins are com- 
mon, but fine polysynthetic twins are ratber rare. The directions of the 
twinning planes have no regularity. 

Sphalerite of the type c) is fine-grained, namely it is 0.01 mm in average 
diameter. Polysynthetic twins are common and the twinning planes show a 
preferred orientation. 

In the small cubes made of sphalerite-rich ore, three faces normal to a-, 
b-,.and c-axes were polished. The traces of the twinning planes were clearly 
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revealed by etching reaction,* and their directions were statistically measured. 
The measurements of 300 grains were performed on each polished face, and 
its results are shown on Figures 26 and 27. 

On the face normal to a-axis the traces of the twinning planes have a 
tendency to lie parallel to the trace of ab-plane. Such a feature is also found 
in the diagrams of the face normal to b-axis. However, on the face normal 
to c-axis, the traces of the twinning planes hardly show any remarkable regu- 
larity in their orientation. 

In brief, the twinning planes of sphalerite of the type c) have a tendency 
to lie parallel to ab-plane. This fabric is similar to that of the calcite lamel- 
lar twins in the schists (Figs. 1 and 2 in Pl. XX). 

In the sphalerite-rich layer, the sphalerite crystals occurring as the inclu- 
sions in pyrite are rather coarse-grained, and the directions of their twinning 
planes do not show any regularity. 


a 


(c) 

Fig. 26. Orientation frequency dia- 
grams of sphalerite twinning planes, 
(CH-56-1-(1)), 

(a)—300 traces of twinning planes on 
the polished surface normal to a-axis, 
(b)—ditto, normal to b-axis, 

(c)—ditto, normal to c-axis. (radius: 50) 


a 


(C) 


Fig. 27. Orientation frequency dia- 
grams of sphalerite twinning planes, 
(CH-56-1-(2)), 

(a)—300 traces of twinning planes on 
the polished surface normal to a-axis, 
(b)—ditto, normal to b-axis, 

(c)—ditto, normal to c-axis. (radius: 50) 


* Reagent for structural etching: H,SO, (1: 5)+KMnQ,. 
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The Sphalerite crystals around the pyrite grains are coarser (0.05mm to 

0.1mm) than the crystals making the sphalerite streaks, and their twinning 
planes are sometimes slightly curved (a kind of “ pressure-shadow ” (?)). 


Hematite 


The basal planes of hematite crystals have a distinct tendency to lie parallel 
to the schistosity plane. In the oriented polished faces of hematite-quartz 
schist, the orientations of the basal planes of many hematite flakes which are 
0.05 mm to 0.2mm in longer dimension and 0.02 mm in average thickness were 
measured. 

As shown on Figures 28 and 29, on the face normal to a- or c-axis, the 
traces of the basal planes are strongly oriented parallel to b-axis. On the face 
normal to b-axis, the traces of the basal*planes have also a tendency to be 
oriented parallel to the trace of ab-plane, but the regularity is not so remark- 
able as that on the tace normal to a- or b-axis. That is, the poles of the basal 
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b 
a a 
(c) 
Fig. 28. Orientation frequency dia- Fig. 29. Orientation frequency dia- 

grams of hematite basal planes, (CH- grams of hematite basal planes, (CH- 
55-43-(1)), 55-43-(2)), 
(a)—180 traces of basal planes on the (a)—180 traces of basal planes “on the 
polished surface normal to a-axis, polished surface normal to a-axis, 
(b)—normal to b-axis, 300 traces, (b)—normal to b-axis, 300 traces, 
(c)—normal to c-axis, 180 traces. (c)—normal to c-axis, 180 traces. 


(radius: 50) (radius: 50) 
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planes are concentrated on an ac-girdle, and the maximum of the concentration 
is situated on the ab-plane. This fabric is quite similar to that of the mus- 
covite flakes in the schists, and the ac-girdle is in harmony with the micro- 
fold observed in the schists (Figs. 3 and 4 in Pl. XX). 

The twins oblique to the basal planes are sometimes observed in the 
hematite flakes, especially in those of green schist, and the polysynthetic twins 
of the same kind (probably on (1011)) are developed in the larger crystals of 
hematite. Moreover, some flakes show a distinct bent (deformed) shape. 


Chalcopyrite 

The preferred orientation of the chalcopyrite crystals which fill up the 
interatices of the pyrite crystals in compact ore is not observed. 

Chalcopyrite is sometimes abundantly found around the schist fragments 
in some ores, and its mode of occurrence is quite similar to quartz of the 
“ pressure-shadows” found around the pyrite crystals of schists or ores. How- 
ever, the state of aggregation of the chalcopyrite crystals is equigranular and 
allotriomorphic, and neither the elongation of the crystals nor the preferred 
orientation of their twinning planes are observed.* 

In brief, the metamorphic fabrics are clearly found in some ores as well 
as in schists, and not only the large-scale structures of the ore deposits are 
in harmony with the structures of the country rocks, but also the fine fabrics 
of the minerals forming the ore deposits are generally concordant with those 
of the minerals of the prevailing schists. 


V. Considerations 


(a) Form of the ore-bodies> 

The ore-bodies of the Chihara mine show a remarkable elongation. The 
second and third ore-bodies have a long rod-like shape. 

The elongated shape is observed not only in the ore-bodies, but also in 
the rock mass of calcareous schist. At the north-end of the 300 m-cross-cut of 
the mine a small mass of calcareous schist is found, and at the corresponding 
place of the surface the small exposure of the calcareous schist is found. The 
continuation of the mass of this schist between these two places is uncertain. 
It is, however, probable that the mass is elongated parallel to the lineation, 
because the rod-structures of various scales are frequently found in the sur- 
rounding schists. The length of the mass of this schist along the lineation 
may be more than 300m. In the section perpendicular to the lineation, the 
length along the schistosity is about 10m and the thickness is about 3m. 
Namely, this rock mass has a similar dimension to that of the second or third 
ore-body. The dimension and the shape of the rock mass appear to be fairly 
similar to those of the ore-bodies. 

The original rock of calcareous schist may be limestone. The original 
shape of the limestone is unknown, but it is reasonably considered that the 
original limestone probably had a bedded form, because it was deposited as a 
sedimentary bed. From a harmonious relation between the shape of the cal- 
careous schist and the structure of the surrounding schists, it is inferred that 
the long rod-like shape of the calcareous schist was formed by deformation 


* Reagent for structural etching: conc KOH+KMnQ,. 
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during the tectonic movement. 

The writer considers that the natural process during the tectonic move- 
ment. was able to transform the shape of the rock mass such as limestone to 
the elongated shape observed at present. If this inference is permissible, it 
is possible that the rod-like shape of the ore-bodies was formed in the same 
manner during the tectonic movement, because sulphide minerals become 
rather mobile under the metamorphic condition as described by W.H. New- 
House and G.F. Franerry (1930), and P. Ramponr (1953b). 


(b) Syntectonic minerals and their fabrics 

It can not be considered that the ore deposits were formed in the schists 
after they had been metamorphosed almost to their present state, because the 
ore deposits show clearly some metamorphic features. Nearly all of minerals 
of the ore deposits were recrystallized or newly formed (?) during the tectonic 
movement which caused folding and metamorphism of the Minawa formation 
of the Chihara district. 

The following fabrics found in the ores may be interpreted as syntectonic 
ones. 


a) Texture due to recrystallization 

b) Preferred orientation 
parallel alignment of elongated pyrite crystals, preferred orientation of 
sphalerite twinning planes, preferred orientation of hematite flakes, preferred 
orientation of gangue minerals (calicte and muscovite) 

c) Deformed shape of flaky minerals (hematite, muscovite, and chlorite) 

d) ‘“Pressure-shadows” around the rock fragments or crystals, minerals in those 
shadows are quartz, chlorite, and chalcopyrite 

e) Cataclastic texture of pyrite crystals 


The minerals and fabrics which indicate unquestionably the pretectonic 
formation are not found. The colloform textures of sulphide minerals or the 
crustific banding of ores which may represent the primary features of the 
ore formation are not observed in the ores. Here two cases are considered ; 
1) because the ores, which had been formed as syngenetic or epigenetic de- 
posits before the tectonic movement and metamorphism, were completely 
recrystallized, the primary fabrics were perfectly obliterated, 2) the ore de- 
posits were formed during the tectonic movement and metamorphism, then 
the fabrics which may be often found in the ores of veins, replacement depos- 
its, or sedimentary deposits were not originally formed. It is, however, 
very difficult to find any evidence to draw a conclusion on this problem. 

As explained in the preceding sections, the textures of minerals indicate 
that the ores of the Chihara mine as well as the prevailing schists were 
subjected to the tectonic movement. The particular minerals differ in physical 
properties from one another, then the minerals do not always behave in the 
same manner even if they are placed under a definite physical condition. 

Some textures of minerals are ascribed to the various behaviours of 
minerals; latent strain, twin gliding, and fracturing. 

1) Latent strain 

Latent strain is recognized in. wavy extinction of minerals under the 
microscope. Wavy extinction is usually observed in quartz and calcite. 

2) Twin gliding 

The lamellar twins of some minerals may be formed by external pressure. 

f 
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The (0112) twin lamellae of calcite are common. These lamellae show a dis- 
tinct preferred orientation. Recently marble was experimentally deformed at 
the various PT-conditions by F.J. Turner, and others (F.J. Turner, D.T. 
Griccs, R.H. Crarx, and R.H. Drxon (1956)), and the bahaviour of calcite 
during the deformation was interpreted as twin gliding on (0112) and transla- 
tion gliding on (1011) by them. The fabric of calcareous schist of the Chihara 
district is nearly analogous to that of the above deformed marble, then the 
mechanism which produced the preferred orientation of calcite of calcareous 
schist may be likewise interpreted as twin gliding on (0112) and translation 
gliding (?) on (1011). Sphalerite grains invariably show polysynthetic twins. 
It is reported that the shearing forces set up by the interference of crystal 
grains during growth are sufficient to produce the twins (A. B. Epwarps (1954)). 
The twins of the sphalerite grains occurring as inclusions in other minerals 
are probably ascribed to such a shearing force during growth. The preferred 
orientation is not found in such twinning planes. On the other hand, the fine 
grains of sphalerite occurring in sphalerite-rich layers have a tendency to 
show a parallel orientation of the polysynthetic twins. The twins of this 
kind are probably ascribed to external pressure. Hematite flakes also show 
sometimes twin lamellae parallel to (1011) planes. 

3) Fracturing 

Brittle minerals may be fractured in shearing movement. Fractured 
textures of pyrite crystals are often found in the ores of this mine. 

Some minerals show apparently deformed shapes. The deformation of 
minerals is generally due to translation gliding, but it is difficult to find the 
unquestionable evidence of crystal deformation. The bent shape of flaky 
minerals such as muscovite or hematite is probably due to the deformation. 
The gliding plane of muscovite is (001) and that of hematite is (0001). 
However, the elongation of pyrite crystals may be a kind of recrystallization 
texture, namely, it is probably due to the dissolution on the stressed crystal 
faces of pyrite and the growth on the free crystal faces. 

The fabric of rocks and ores of the mine is not homogeneous; some calcite 
crystals show a preferred orientation but others of the same stage have no 
such a preferred orientation, likewise, pyrite crystals are elongated in some 
parts of ores but are rounded in other parts. The ores or the rocks are not 
homogeneous in the mineral composition and in the physical properties. Ac- 
cordingly stress is not uniformly distributed in the ores or the rocks. The 
conditions vary from part to part, then the heterogeneity of fabrics may be 
rather natural. 


(c) Genesis of the ore deposits of the Chihara mine 

The petrofabric features of the ore deposits of the Chihara mine are pre- 
sented in this paper. The ores generally show the metamorphic fabrics which 
are in harmony with those of the prevailing schists in this district. Thus, it 
is concluded that the present state of the ore deposits was formed mostly in 
the syntectonic stage. The primary sulphides were formed before or during 
the tectonic movement which caused folding and metamorphism of the Minawa 
formation. However, it is not yet certain how the primary sulphides were 
deposited. 

T. Kato (1937), Y. Horrxosnr (1940), and others asserted that the bedded 
cupriferous pyrite deposits of the Sambagawa metamorphic zone were the 
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hydrothermal ones formed by post-igneous action of synkinematic intrusives. 
On the contrary, G. Koyrma and coworkers (1956) studied the stratigraphical 
position of “ Kieslager” in the Sambagawa metamorphic zone in Shikoku, and 
reached the following conclusions. 

1) “The rise and fall in a number of “ Kieslager” in the stratigraphical 
succession of beds coincides with that of the submarine volcanic activity in 
the geosynclinal stage.” 

2) “The lithological character of the schist beds near “ Kieslager” shows 
that nearly all the “ Kieslager” are interbedded with crystalline schist derived 
from volcanic materials, including chemical deposits.” 

And they considered that the greater part of the “ Kieslager” of the Sam- 
bagawa métamorphic zone proper were derived from materials deposited in 
relation to the submarine eruption in the original geosyncline. 

T. Watanabe (1957) studied comprehensively the genesis of “ Kieslager” 
in Japan, and he suggested the syngenetic origin related with the submarine 
volcanism. P. Rampour (1953a) stated that the Rammelsberg ore deposits were 
referred to the submarine exhalative-sedimentary origin, and H. Krause (1956) 
asserted the similar origin of the Sulitjelma ore deposits. 

The ore deposits of the Chihara mine lie in the main green schist member 
of the Minawa formation which is composed mainly of the rocks indicating 
the intense submarine volcanic activity in the geosynclinal stage (green 
schist derived from tuff and piedmontite-quartz schist derived from chert). 
Then the writer inclines to agree with G. Kojima and coworkers on the genesis 
of the ore deposits of the Chihara mine. That is, he anticipates the genesis 
of the ore deposits as follows. 

1) The primary materials of the deposits were produced by the submarine 
volcanic action in the geosyncline, and the primary deposits were formed in 
association with tuffaceous or cherty rocks. Perhaps they were formed origi- 
nally as exhalation deposits. 

2) In the stage of the tectonic movement the deposits and the country 
rocks were deformed and metamorphosed. The ores were partly mobilized 
and redeposited in this stage. The primary fabrics were mostly destructed 
and the metamorphic fabrics were reconstructed, and then the present state 
of the deposits was formed in the syntectonic stage. 
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Plate XIX 


Explanation of Plate XIX 
Photomicrographs 


Fig. 1. Compact ore (CH-1); pyrite layer, section normal to a-axis. Note the euhedral 
form of the pyrite crystals. 

Fig. 2. Compact ore (CH-8); pyrite (white)-chalcopyrite (light grey)-sphalerite (grey) 
layer, section normal to a-axis. 

Fig. 3. Chalcopyrite-rich ore (CH-5); pyrite (white) and chalcopyrite (light grey), 
section normal to a-axis. 

Fig. 4. Compact ore (CH-55-7); section normal to a-axis, showing the remarkable 
elongation of the pyrite crystals. 

Fig. 5. ditto; section normal to b-axis. Note the equidimensional form of the pyrite 
crystals. 

Fig. 6. ditto; section normal to c-axis, showing the remarkable elongation of the pyrite 
crystals. 

Fig. 7. Banded ore (CH-55-6) ; section normal to a-axis, showing the remarkable elonga- 
tion of the pyrite crystals. 

Fig. 8. ditto; section normal to b-axis. Note the equidimensional form of the pyrite 
crystals. 

Fig. 9. ditto; section normal to c-axis, showing the remarkable elongation of the 
pyrite crystals. 
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Plate XX 


Explanation of Plate XX 
Photomicrographs 


Fig. 1. Sphalerite-rich layer (CH-56-1-(2)); section normal to a-axis. Sphalerite 
(light grey) occurs in streaks parallel to s-plane. 

Fig. 2. Twins of sphalerite; a part of Fig. 1, showing the alignment of twinning 
planes parallel to s-plane, cf. Figs. 26 and 27 in the text. 

Fig. 3. Hematite-quartz schist (CH-55-43) ; section normal to a-axis, showing the align- 
ment of hematite flakes parallel to s-plane, cf. Figs. 28 and 29 in the text. 

Fig. 4. ditto; section normal to b-axis. 
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